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PREFACE 



About the year 1881 I was requested by a number of 
mechaniCB to give tlieni some practical information about 
the strength and construction of steam boilers. After aome 
hesitation I agreed to do bOj in order to help a body of 
men whose opportunities for study were limited, aud whose 
lack of knowledge was more their' misfortune than their 
fault. I aCGordin^fly prepared a series of papers, which 
were first read before the Engineering Association of New 
South Wales and afterwards published in book form for 
distnbution amongst those interested. 

From the number of letters received at the time, the effort 
appears to have been fairly suecessfiil ; but comparatively 
few copies were printed and the book was soon out of print. 
It was, however, suggested that it might be re-written in 
accordance with modern standard practice, and in 1894 
I published the first edition of the present work, which was 
also quickly exhausted. 

During more recent years the few copies which passed 
through the hands of the booksellers were eagerly bought 
at a heavy premium — as much as tw^o pounds having beer 
paid for a single copy — aud I received many requests to 
re-issue the book. I at last consented^ and entrusted the 
work of correcting its many errors and of bringing it 
into line with the latest regulations of the Board of 
Trade and Lloyd's Register to a fellow Member of the 
Institution of ^Mechanical Engineers* He has also added to 
the section on Modern Water Tube Boilers. 

As stated in my earlier efforts, it must be distinctly 
understood that I claim no originality, and I hope that the 
book will be found useful and proA^e an incentive to the 
study of more scieutific works. 
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II^TRODUCTIOK 



GoMPAEATrvELT few standard works on Boiler Construction 
are sufficiently practical to commend them to mechanical 
engineers and bailerniakers. Many have been written by 
exeeptionaily clever men, but the information^ although 
accurate and sound, is not conveyed simply enough to reach 
the class for which it is intended. To profitably study most 
of these books a man must be comparatively well educated — 
that is, he must know something more than the mdiraents 
of algebra and geometry; for it is almost always taken 
for granted that every student can solve simple equations, 
resolutions of forces, etc. Unless an engineer or boiler- 
maker can do that and more, the formula to him is almost 
a dead letter; and if he cannot get someone to show him 
how the rules are applied to practical work, even the best 
books are of comparatively little value to him. On this 
point I speak feelingly, having un many occasions been 
eonipletely stuck up in trying to nnderstaad the rules as 
expressed scientifically, and I have even now a lively recol- 
lection of past diificulties. Men of natural gifts and 
cultivated talent do nat always make the best teachers. 
because, as a rule, they write in accordance with their own 
keenness of perception, which is far above the average: 
consequently they fire too high, miss their mark, and their 
labour is often lost. I have therefore taken special eare to 
make ever>1:.hing as plain and simple as possible, and iave 
used ordinary figures in conjunction with the usual method 
set down in other books. 

Engineers, as a rule, know a great deal more about 
engines than boilers; in the past, at all events, they con- 
sidered the boiler a secondary affair. In the shop many 
skilled workmen are content, or rather have to be content, 
with handling tools expertly, and if a practical engineer or 
boiler-maker be asked anything about the material, the 
strength or the arrangement of the riveted joints, the strains 
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to which parts are subjected, the strength of shells, furnaeea, 
stays, iiat surfaces, etc., it will generally be found that he 
has only very vague and uncertain knowledge. Of late, 
however, there has been a distinct improvement j in engine 
and boiler shops, and also afloat, a strong desire to learn 
has developed, and most of the men are now anxious to know 
something of the principles "vvhich govern their daily work. 
Personal (iontaet with good mechanics has shown me that 
many of them are naturally gifted with capacity and 
perception* but froni the force of circumstances never had 
a chance of cultivating their powers. Others again will 
tell you. that, although anxious to learn, they do not know 
how or where to get the information, that the books are too 
expensive, and the majority of them written in a style un- 
suited to the average intelligence — and so on. Of course 
there is a considerable amount of truth in this; but it should 
he impressed on all that there is no royal road to learning, 
and that any man taking up this or any other meehanical 
subject must make up his mind to study long and patiently. 
Energy, perseverance, and a quiet determination not to be 
beaten are the levers to be used, whose power, if properly 
handled and persistently applied, will be multiplied many 
times to his advantage. 

During recent years exceptional advancement has been 
made in the various branches of engineering, but in none 
has the progression been so marked as in boiler construction. 
Working pressures have been more than doubled owing to 
iron being practically discarded for boiler work, the punch- 
ing machine for first-elass work is out of date, hand riveting 
is doomed^ so is local heating and "flanging — in fact, boiler- 
shop practice has been "completely revolutionised. For 
heavy standard work machinery does almost everything, 
while the quality of steel is greatlj^' improved, and every 
plate, bolt, rivet, and stay is so minutely measured and 
carefully calculated that to design and construct a modem 
high-pressure boiler for either land or sea requires a large 
amount of knowledge, skilL and practical experience. 



THE PRINCIPLES AND PRACTICE 
OF BOILER CONSTRUCTION 



Tensile Strength. 

If %ve take an inch square bar of Avhat we call mild steel 
and subject it in the direction of its length to a steady strain 
that will break it, and this strain is = 62720lbs. (^ 2S 
tons), then we say that the tensile breaking strength of this 
steel is 627201bs. per sq. in., or 28 tons per sq. in. 
which is about the average strength of steel boiler plates. 
All shell platt^s, steam and water space stays, etc., are 
exposed, and have to bear a tensile stress when the boiler 
is at work. 

Elongation. 

In breaking our lin. square steel bar jt would stretchy or 
elongate, a certain amount before fraetiire took place, and 
this amount measured betvreen two fixed points is termed its 
elongation. For example : If we put the bar in the testing 
machine and place two centre punch marks lOin. apart, then 
steadily te.st the bar to destruction, we will J5:nd it has 
stretched, say, 20 per cent, of its length — that is, the distance 
between the centre punch marks will now be 12in. ; therefore 
we say this particular bar (one square inch in section) has 
an elongation of 20 per cent. All boiler steel must at least 
have this amount of elongation ; if not, it is rej&cted as being 
too hard, which means it does not possess the required 
amount of ductility for the work it has to do, and would be 
liable to crack in flanging^ or be unable to bear the racking 
strains of ordinary working conditions. Tested steel speci- 
mens generally give an elongation above 20, and often as 
high as 30 per cent. In testing there are always two 
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distmct kiutls of elongation — t>ne due to the general stretc 
ing of the bar, whieli is liLstributed more oi" less uniforml 
throughout the length; the other to what is called the local 
elongation, which takes place, and is very distinct, at the 
point of fracture. 

Contraction of Area. 

Our lin. bar in elongating 20 per cent, of its length In 
lOLn. must of necessity cause a considerable reduction iu the 
original sectional area, and this reduction is also of two 
kinds — the first being more or less iinifornily distribtited 
over the entire length; the second being local, sudden, and 
of much greater extent at the point of fracture. The 
difference between the original scpiare inch and the section 
at point of fracture is termed the '* Contraction of Area." 

The average contraction of area in steel boiler plates whoac 
tensile strength is 28 tons is from 40 to 50 per cent. Thiclv 
plates generally show more contraction than thin ones, and 
there is usually a. difference of from 5 to 10 per cent, less 
contraction across the grnia than with it; but in practice this 
difference is not taken into account, and we may say that 
mild steel is Just as strong one way as the other. 



Shearing Strength, 

When two plates are riveted together and a force steac 
applied at right angles, or nearly at right angles, to 
centre line of the rivet, and if that force be 23 tons, 
515201bs.. then assuming the rivet to be one square inch 
section, its shearing strength would he. expressed as 51520lba^ 
per sq. in. There is a veiy material difference between the 
tensile and shearing strength of a steel rivet of the same 
section^ amounting on an average to five tons per square 
inch, due in some measure to the intense tenaional atresa 
developed in holding the plates together. This stress ia 
intensified as the rivet cools, mid also by the hammering it 
receives, these two causes having probably some effect in 
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disturbing the original position of the particles, and thereby 
weakening its structure. It should always be remembered 
that Dearly all rivets have to bear two distinct strains — 
one of tension in binding the plates together ^ the other of 
shearing, applied at, or nearly at, right angles to centre line 
of rivet, 
^ Limit of Elasticity. 

^^ If we put our lin. bar in the testing machine we can apply 
r a certain force which will stretch or elongate it a small 
amount, say i;\m. in lOin. If we remove that force and find 
that the bar has returned to its original length we are then 
uu'thin the elastic limit ; but if we find the bar longer than 
the original lOiu. then we have exceeded the elastic limit, 
because the force applied has resulted in putting a perma- 
nent set in it. Therefore we may define the limit of 
elasticity to be where the force api>lied is greater than the 
elastic power in the materifll to return to its original length; 
in short, where elasticity ends and permanent set begins. 
Speaking generally, the elastic limit of boiler steel is about 
one-half its tensile breaking strength. It may and doea 
vary, but 14 tons per square inch is a fair average. An 
important point in connection with this elastic limit is the 
following ; — The factor safety for the best work is 4| to 1 — 
that is, the various parts of the boiler are made 4^ timers 
stronger than the working pressure — and assuming such 
pressure to be lOOlbs. per sq, in., then its bursting pressure 
would be 4501ba< ; but it should never be forgotten that it 
only takes 2251bs, to reach the elastic limit, and any excess 
of pressure over and above that results in permanent set 
and permanent injury to the material. Looking at it in 
this sense we have only a margin of 2J instead of 4^, Any 
boiler with a working pressure of lOOlba. would, when new, 
be pressed or tested to 2001bs., which is within SSlbs. of its 
limit of elasticity — quite near enough. In the opinion of 
many capable of judging, the margin between the cold water 
hydraulic test and the elastic limit should be considerably 
increased; this could be done by testing all new boilers 



to not more than 1|, or at most If times their working 
pressure. 

DuctUity and Toughness. 

In the aid days, when there was any particular patchiag to 
do, the foreman always kept a few pieces of *'Low Moor" 
iron plates carefully stowed away and ready for any special 
work, and he did this because he knew from esperience that 
it was the only material that possessed the necessary 
ductility and toughness suitable for the job. Now '^Low 
Moor" is ahnoBt completely out of court, and we have in our 
so-called mild steel a material infinitely anperior, stronger, 
sounder, tougher, and which when properly treated is in 
every case thoroughly reliable. 



Strength of Iron Boiler Plates. 



For boiler-making, iron is praetieally a thing of the past 
still it is necessary to consider and explain its various 
qualities. Special test plates of various thicknesses have 
been made from time to time to ascertain their tension, 
elongation, and contraction of area, etc. The results of 
careful testing show a very eonsiderable variation. Some 
of the specimens gave exceptionally high results — 23 tons 
with the grain and 23 tons per sq. in. across it. with an 
elongation of 19 per cent, and 13 per cent, respectively, 
while the contraction of area was 29 per cent, with and 19 
a^Jross the grain. Such iron is exceedingly rare, and even 
when speciallj^ made for testing purposes its quality is very 
nn ce rtai n. Th e average qual ities of good boiler iron, 
which might be put into any specification, and which any 
builder could be reasonably expected to supply, are as 
follows ; — For boilers : 

470001bs. sq. in. = 21 tons, in tension with the grain. 

400001bs. sq. in. = 18 tons, in tension across the grain. 

Contraction of area — With the grain, 15 to 20 per cent. 

Contraction of area— Across the grain, 8 to 12 per cent. 

Elongation — With the grain, 15 to 20 per cent. 

Elongation— Acrosa the grain, 10 to 12 per cent. 
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pplies for plates from fin. to fin. thick. For tbiokef 
plates, from fin, up to l^in. the tests show a large variation 
and no two samples harmonise, the principal difference 
being that for thick plates the elongation and contraction 
of area are less^ and for elongation may be averaged as 
follows : — 

With the grain , , . . 11 per cent. 
Across the grain . . . . 8 per cent. 

Lowering the tensile strength generally^ but not always, 
gives an increased eontraetion and elongation^ and con- 
sequently a greater amount of ductility, whereas any 
mattirial increase in the tensile strength, as a rule, decreaseiS 
those qualities. 

All test strips are usually made lOin, long between the 
centres, and where practicable the section is made equal to 
one square inch. 

For round iron bars, as used for stays in steam and water 
■gpaees, the tensile strength is about the same as the plates, 
but the elongation is more, ranging from 15 to 25 per cent., 
wliile the contraction of area is from 30 to 40 per cent. 
Iron rivet bars also vary in quality, but good rivets have a 
tensile strength of about 25 tons, with an elongation of 25 
and a contraction area of 45 per cent. Iron rivets in single 
shear have in the past been talcen as being of equal strength 
to a corresponding section of the plate. Recent experi- 
ments, however, clearly prove they are not, and on an 
average the strength of an iron rivet exposed to shearing 
is reduced from two to three tons per square inch. The 
value of double shear is always taken at 1-75 times the single 
sheart but the results obtained from actual experiments are 
by no means uniform, the variation in some cases being 
considerable. 

Mild Steel Boiler Plates, 



The tensile strength of such plates varies and ranges from 

I to 32 tons per square inch. For shells the steel must not 

jeed 32 tons, and is seldom below 27 tons. For furnaces and 



combustion chambers, and those parts exposed to the direct 
impact of the heat and flame, many builders put in steel 
of a lower tensile strength in order to increase the ductility 
of these particular parts, 25 and 26 tons being often used, 
but of late several of our leading builders — and especially 
for furnaces — have raised the strength to 30 tons per sq. in., 
and this appears to have been done for the special purpose 
of increasing the "eoUapaing co-efficient" (explained further 
on), so that they get a higher working pressure, with 
a thinner plate. Thia. however, is a very doubtful thing 
to do, as practical working goes to prove that such plates 
are too hard to stand the strain and varying temperature 
of modern furnaces^ and especially those working from 160 
to 2001bs. per sq. in. The mean elongation of average boiler 
steel, say of 28 tons tensile, is about 25 per cent., and must, 
as before stated, never be less than 20. The cold bending 
test is that all plates should bend to a radius of IJ times 
their thickness, and niitfl their sides are parallel, the distance 
between the sides being not more than three times the plate 'a 
thickness ; and for plates intended for furnaces and combus- 
tion chambers exposed to heat and flame, they mnst stand 
bending to the same extent after being heated cherry red. and 
when at that heat must be cooled suddenly in water whose 
teniperature is 80° Fah. There is seldom any difficulty 
with the steel in such teats. It will stand that and much 
more 5 in fact, as a rule, you can, with thin plates, bend 
them cold under a steam hammer, and bring the sides to- 
gether without any sign of fracture. Sometimes there may 
be a difPerenee in the elongation and contraction of area of 
thick and thin plates, but nothing material. The strength 
across the grain may vary 5 per cent., but in practice this is 
disregarded. 

Steel stays as used in steam and water spaces give results 
very similar to the plates. Steel rivets are slightly stronger 
in tension, and the contraction of area higher — from 50 to 60 
per cent- — while the results of testing show that the rivet 
itself after being made is slightly stronger than the bar 



from which it was nianufactiired. Its shearing strength is 
taken at 23 tons per square iuch when in single shear, and 
when in double shear at 1-75 times the single ghear. 

Regrarding the iron and steel used in boiler construction, 
the following Avill give a general idea of their many and 
varied qualities : — 

The different iron ores ns dug out of the earth are 
numerous, and vary in richness and purity. In their 
natural state they contain from 25 to over 70 per cent, of 
metallic iron, and after passing through the blast furnaee 
are known as ^'east iron." 

Cast iron may be described as the chemical union of 
metallic iroa with from 2 tn 6 per cent, of carbon* 5 per cent. 
of silica, and a very small percentage of manganese, phos- 
phorus, and sulphur. 

Wrought iron is distinguished from east iron by having 
much less carbon in it: instead of having from 2 to 6 per 
cent, it has considerably less than 1 per cent,; and, as will 
be shown, a veiy fractional addition or subtraction to or 
from the amount of carbon has a most material effect on its 
qualities— in fact, the distinction between iron and our so- 
called mild steel is practically the difference in the amount 
of carbon in the respective metals, and is less in iron than 
in steel. 

Steel. — Wrought iron becomes steel almost imperceptibly, 
because the addition of a very small fraction of carbon 
entirely changes the nature of the material. Such addition 
strengthens and hardens it, but always at the expense of its 
ductility and resilience, which last means its spring or shock- 
resisting powers. When we speak of steel boiler plates we in 
a practical sense misuse the word, because to a mechanic the 
word '* steel* ^ suggests a material that will tiikt* a (.-lifting 
edgC) and if you ask any man with a shop training he will 
very soon tell you that anything that does not 'Hemper** 
is not and cannot be steel. 

In the opinion of many this word should be changed, and 



*'relined ingot iron/^ or some other equally appropriate 
name, substituted. It would be more practical and much 
more sensible if the difference between iron and steel was 
represented by a line drawn at the point where its per- 
centage of carbon ia sufficient to make it ^Hemper.^* 

"When steel has a proportion of carbon in it exceeding O-S, 
per cent, it confers upon the material the property of becom- 
ing hard, and can be tempered. Consequently any workman^ 
would at once recognise it as steel, and make use of it 
accordingly; but any material in which the percentage of 
carbon prevents its becoming hard, and that will not temper, 
should be recognised as iron. 

Below the temper limit (and all boiler steels are below it) 
the material contains from 0-2 down to 15 per cent, of 
carbon, and if heated and suddenly cooled this so-ealled 
steel will be found to be quite soft. This forms one of the 
most practical tests of its suitability for boiler construction*! 

Between 0J5 and 0-5 per cent, of earbon the quality 
ranges from the softest of mild steel to the hardest of tool 
Bteel, and when the amount exceeds 0*2 per cent, it is entirely] 
useless for boiler steel — the material would be too hard and 
brittle, and therefore unreliable. 

The amount of carbon which will permit steel bein( 
welded ranges from 15 to 06, but it will not weld if th< 
carbon exceeds 1*0 per cent. The ordinary market steels 
for boilers are distinguished from iron by their freedom _ 
from impurities and by the completeness with which tliej 
have been refined, as well as by the proportion of carbon in 
them. Boiler steel may be said to be at its best when the 
amount of carbon in it is from 15 to 0-2 per cent., it being] 
at the same time entirely free from other elements, excepi 
the required amount of manganese and silica. *A cele-| 
brated maker divides steel into four classes, and this diviaioi 
gives a very fair idea of its various qualities. 

1st class. — Representing extra mild steel, in which th< 



•The nnalyeig of steel as given by various anthoritieei shows greal 
dificrepancieB lu the pereentage of carbon. 
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carbon is as low as 05 and not higher than 0.2. Tensile 
strength, 25 to 32 tons per square inch. Average elongation 
in S in., about 25 per cent. Such steel does not temper, 
and is the material used for boilers, ship plates, gfirders, 
wire, etc. 

2nd clasa.^]Mild steel Carbon from 0*2 to 0-35 per cent. 
Tensile strength, from 32 to 38 tons per square inch. Aver- 
age elongation in Sin., about 25 per cent. This steel will 
weld, and hardens a little. Used for railway axles, tyrea, 
rails, guns, etc. 

3rd class. — Hard steel. Carbon from 0-35 to 0-5 per cent. 
Tensile strength, from 38 to 46 tons per square inch. Aver- 
age elongation in Sin., from 15 to 20 per cent. Diffleult to 
weld, but may be tempered. Used for rails, special tyres, 
springs, guide bars of engines, spindles, hammers, etc. 

4th class. — Extra hard steel. Carbon from 0-5 to 0*65 
per cent. Tensile strength, from 46 to 51 tons per square 
inch. Average elongation in 8jn., from 5 to 10 per cent. 
Does not weld, but may be strongly tempered. Used for 
delicate springs, files, chisels, saws, and the various cutting 
tools. 

When considering the suitability and those physical pro- 
perties on which its eonstmctive value dependSj it is well to 
remember that for boiler-making it is not exclusively a ques- 
tion of strength, but we should judge and select it for its 
toughness, malleability, and its power of endurance under 
the action of forces which may extend, compress, expand, or 
contract it, and know something of its behaviour under 
rei^eated loads^ and of how it is affected by material changes 
of temperature. The introduction of Triple and Quadruple 
expansive engines has caused an enormous increase in the 
working pressure, and, as a natural consequence, the proper 
design and construction of suitable boilers has become a 
matter of supreme importance. Present practice has re- 
sulted in considerable saving of fuel, but with all our know- 
ledge we have only managed to convert into useful work 
from 10 to 12 per cent, of the total heat in the coal, the 
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other 90 per t^ent. being lost. This teaches lis the liecessity 
for humility, and also shows how little has been aeeom- 
p lis lied. 

It IS the knowledge of this fact that has induced many 
clever men to turn their attention and talents to the cou- 
struetion of vessels which would be more economical and 
eqisally safe. But among all the numerous and latest con- 
trivances for generating steam, there is nothing that stands 
prominently forward as being reniarkable for either economj'' 
or efficiency, and we are at present practically dependent on 
the cylindrical high pressure Boiler, as at present made and 
used, and which, though far from perfect, may be con- 
sidered, when properly designed and constructed, as being 
reliable and safe. 

What we have to consider is the fundamental principles 
which govern its construction, and although many discrep- 
ancies may be found when comparing experimental data, 
still we have a nunaber of well-known facts and laws laid 
down for our guidance, which when thoroughly understood 
and properly applied are invaluable in the construction of 
vessels containing high pressure steam. 

In the treatment of Boiler strength, there are three things 
that claim our special attention :— 

1st. The consideration of the strength of a cylinder bh 

seen in the shell and furnace. 
2nd. We have to investigate the strength of a sphere 
represented by cambered ends, superheaters, and 
Steam Domes, 
3rd. The strength and stiffness of fiat surfaces as seen in 
the combustion chambers, flat ends» steam and 
water spaces. 
For the sake of making the explanation as simple as 
possible, it is assumed there are no riveted joints ; they will 
be described and explained in due course. 

Figure 1 is a sectional outline of a plain cylindrical 
Boiler, with flat ends and no stays; and here at the very 
start we meet a dlffieultyj viz., that to understand the action 
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of an internal force on a cylinder, it is necessary to know 
something of Trigonometry, as will be seen from the ttgure. 
However, as the scientific reason resolves itaelf into a very 
simple rule, which has been repeatedly proved to be correct, 
by actual experiment, we can accept and apply it vrHh. all 
confidence. 

Eeferring again to the figure, we want to know how and in 
what direction the material is strained : the amount of force 
that would burst it, and how much steam pressure we should 
allow on the safety valve to make ita working thoroughly 
safe. 




According to the well known hydrostatic law, the steam 
pressure is exerted equally in all directions. 

This pressure radiates in all directions from the centre, and 
the whole of the enclosing material is equally strained. The 
amount of pressure that would burst it — that is, divide it 
into two semi-eireleSj in the direction of its length — is 
represented by a force, acting and re-acting in opposite 
directions, which is resisted by the strength of the material. 
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At MrMt Hiwht, it would appear as if the prepare was 
htXiiii^ over the whole of the aemi-circuiiiference and havijig 

tendency to divide the shell in a plane drawn through the 
rti;r. 

It cuii f*e |jro\'ed, }iowPver, that, the pressure being equal 
in nil din^f^tioriK, the strain to which the half-cirele is sub- 
}<H*U*(l \h uot to be taken aa being equally effective in divid- 
luK the Nholl perpendieular to its diameter, 

W<r tire. deej)ly indebted to Pairbairn for much valuable 
irifonnation on tluH wubjeet. He was practically the original 
ejipnuTidfT fif the true principles of boiler construction, and 
bJN rfii4f»od i>i' df^Mionstration, when calculating the bursting 
jirnHHure, tfinl the diameter and not the semi-circumferenee 
should \h' tnkiUi, is the one usually found in our text books. 

Auumuni the many explanations given, that by Wilson 
eniriiiH'Tids itm'ilf, and is somewhat as follows: — 

Irj f](/iH'n 1, ronsider first the pressure reqnired to rend the 
Nh':ll through AB. It can be proved that the strain is only 
on Uui dinrtM^ttT CD. 

Ah w<! I<!avfi thJH line, on either side the strain is less and is 
ex'Tttid dia^oiiiilly, with less vertical force on A and B, and 
when it renchos these points it vanishes altogether. 

My nwolviiig the radial pressure into two forces, and by 
lukirttf tht* component vtTtical forces at a large number of 
point**, it can be shown that their sum is always equal to the 
boilor prcHHure exerted on a line equal in length to the 
boih'r's diameter. In calculating the force required to 
burnt any cylinder or shell in this direction, the length is 
not taken into account^ and it simplifies the whole thing 
if we represent a portion of it by taking a ring, lin. long, as it 
inakcH no difference, as will be shown presently, whether the 
cylinder be long or short in respect to the pressure required 
to separate the two sides. 

Let ABCD represent the ring ; 
P, the pressure in lbs. per square inch; 
xy, a very small portion of the circumference j 
a, the angle xy makes with AB. 
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Then tlie pressure upon xy along the radius which passes 
through its centre will be P x xy. 

If we decompose this force, the vertical component will be 
represented b j P x xy x cosine of the angle; but xy x cosine 
of such angle is always equal to the projection bb of the 
arc xy on the diameter AB. The vertical component will 
then be e*iual to P >c bb. and the sum of all the vertical 
eoniponents must of necessity be P x AB^ the diameter of the 
boiler. 

Now, all this elaborate and^ to many practical mechanics, 
formidable explanation resolves itself into a very simple rule 
— viz., that in all eases the force of the steam tending to 
burst a cylindrical boiler is always equal to the internal 
diameter f>f the shell in inches, multiplied by the ateam 
gauge pressure in lbs, per square inch. 

As an example, assume that in a shell 72in, in diameter, we 
take a single ring lin, long, and say the steam gauge shows 
lOOlbs. per aq. in. Then 72 x 100 = 72001bg. This ia the 
strain the ring has to bear, and as the ring is lin. long it is 
also the strain per square inch. That is, every square inch 
of internal surface has to bear a force of 72001bs., and this 
force is equally divided between the two points in the line 
which forms the diameter of the boiler— that is, the points 
where it would burst, provided the steam strain was greater 
than the sectional strength of the ring. The truth of this 
has been repeatedly verified b^ actual experiment. 



Length does not Affect Strength. 



CTake a piece of iron Boiler plate — one inch square — and 
assume that in tension a weight of 20 tons breaks it. 
L Take a second plate, of the same thickness, but 2in. broad ; 
ft will take 40 tons to break it, and if we take a third plate 
of the same thickness (lin,), but 3in. broad, it will take 
60 tons to break it. It will be seen, therefore, that the 
strength of the 3 plates (being all the same thickness) 
depends entirely on their sectional area — one square inch 
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being good for 20, two square inch^ for 40, and three square 
inches for 60 tons respectively; and it must also be noted 
that the strain per square inch remains the same in all 
three plates, and is quite independent of the breadth. 

If we now bend our lin, square bar into a ring corres- 
ponding in thickness and diameter to the section of a Boiler- 
shell, the same reasoning holds good, as the following ex- 
ample will show. 

Assume a shell to be 120in. internal diameter, and that the 
steam gauge pressure is lOOlbs. per sq, in., then the strain on 
every linear inch of shell would be equal to the steam 
pressure in lbs. x diameter in inches — equivalent in this case 
to 100 X 120 = 120001bs.; 2 inehea would have to bear 
240001b3., 3 inches 360001bs., 10 inches 1200001bB„ and 
fio on . But it will be very apparent that although 
the total strain increases directly as the length, the 
amount of material increases in the same ratio, so that the 
strain per square inch (as in the plate before it was bent 
into a ring) remains the same, for although in the present 
example a piece of shell plate lOiu. long has to bear 120000 
lbs., we have 10 square inches to do it, and as each inch 
talies yV*^ of this, it is evident that in this sen^ the length 
of a Boiler does not affect its strength* There is one thing, 
however, in connection with the length not affecting the 
strength, that from a prjictieal stand-point requires con- 
sideration, and it is this: — Although in all calculations the 
length is left out, because as we have seen the total pressure 
is always balanced by a proportional increase of material, 
the opinion is held by many that the ends do strengthen the 
shell very materially, especially in short Boilers ; and where 
the length and diameter approach each other, it is considei 
that the shell strength is not far off that of a sphere of th« 
same radius. This, however, is all assumption, but there isl 
no doubt that in such a case the strength would be increased) 
although perhaps not to the above extent, 

Onr knowledge on this point is limited, as experimentftl 
data on full-sized sheila of different lengths, or, in fact, of 
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any lengl^h, are certainly rare, and in actual working the 
corrosion, grooving^ flaws, wear and tear, have up to the 
present been considered sufficient reason for discarding any 
strength imparted by the ends. At the same lime, if a 
series of experiments were carried out on full-sized sheila, 
it is more than probable ttat oar calculations would be 
considerably modified. 

There is another thing relating to the internal force tend- 
ing to burst a cylinder, viz., that in some eases increasing the 
thickness does not give a proportional increcu^e of strength. 
This, of course, scarcely applies to boiler shells, but has an 
important influence on cylinders whose diameter and thick- 

iss are nearly equal, as seen in guns, hydraulic ranis, etc. 
As an example, take a bar of iron one foot long, and assume 
a given weight stretches it ^in. ; then take another bar of 
the same seetional area, but eight feet long. The same 
weight will stretch it eight times as imich, viz*, lin. And 
this proves that similar bars of the same quality and section 
when subjected to the same amount of tensile straiti will, 
■within certain limits, be stretched more or less uniformly in 
direct proportion to their length. 

This being so, consider a hydraulic cylinder, and that its 
thickness is divided into a number of ^in. rings. Say the 
inner ring is 12in. and the outer ring 48in. in circumference. 
Assume the material to be permanently injured if stretched 
T^ in. per foot; then the inside ring would be damaged by a 
force that would expand the cylinder ^V ^' ^ diameter, 
while the outside ring, being four times as long, would only 
be stretched ^th that amount. 

In the shop are often seen fractured pipes and cylinders 
tised for h>^draulic purposes. Looking at the amount of 
broken section it appears strong enough for anything, and 
if the strength is increased in the same ratio as the thickness 
there would be an ample margin of safety over and above 
the working pressure. But from the above we know the 
strength does not increase as the thickness, or anything like 
it, 30 that adding to the thickness does no good, and it 



16 



would be better in many cases to double the area of the 
cylinder and work at half the pressure, which would give 
the same power with a much thitmer cylinder. In boiler 
shells, however, the difference between the inside and outside 
circumference is so small compared with the diameter that 
the strain is practically eansidcred to b^ uniformly dis- 
tributed throughout the material. 

From what has been said it is clear that the strain which 
all cylindrical boiler shells have to bear is always repre- 
sented by the diameter in inches multiplied by the steam 
gauge pressure on the sq. in., and it is satisfactory to know 
that all the experiments of our eminerLt men agree to the 
following standard rule : — That the strength of cylinders to 
resist internal pressure is inversely as their diameter and 
thickness, from which it follows that the thickness of our 
shell plates must be in proportion to the diameter of the 
boiler. 

The practical application of this rule is plainly seen when 
we take two boilers, one 60in. in diameter, the other 120iii., 
working at the same pressure, say, BOlbs, per sq. in. 

The strain on the 60in, shell would be 60 x 60 =3600Ibs., 
while on the 120in. shell we have 120 x 60 ^ 72001bs., just 
double, and allowing the plates to be of the same quality and 
thickness, it is evident that if we have a margin of safety of 
6 in the small boiler, we have only a margin of 3 in the large, 
and to make them proportional and equally safe we must do 
one of two things^ viz., reduce the pressure in the large boiler 
to 30lbs,, or double the thickness of the shell plates and work 
it at 60lbs. 

Having explained the principle of an internal force actinj 
on a boiler sheO, let ub inquire into the strength of the resist- 
ing iron or steel, as the case may be. 

As an example: Take a boiler (still without seams) 72in. 
in diameter, the shell plates being ^in. thick, and the steam' 
gauge pressure lOOlbs. per sq. in. What have we got toj 
resist this pressure? 

Consider a single ring of this shell lin, long; we have 
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sectional area on each side equal to lin. long x J in, thick ^= 
I a square inch on each side. Therefore, the total sectional 
area to resist the steam pressure is one square Inc-h. The 
total stoam pressure on each linear inch of shell is 72in, x 
lOOlbs. = 7200, and if we assume the boiler to be of iron, 
whose j^t 'ength is 47000lbs. per square ineh* we have a 
mar^a of safety of VirtrV- = H — that is, the ring, or shell, 
is 6^ times stronger than its working pressure. 

If the boiler had been of steel whose strength "was 28 tona 
= 627201bs. per sq. in., the margin of safety would be -"-%\nr 
===&'7 times stronger than th6 working pressure. 

It is very desirable and %viU give a much better grip ot' 
the subject if the above and otber examples are worked out 
in more ways than one, because it often happens if you ask a 
mechanic to find the working or bursting pressure of any 
boiler, he can do it all right, but if he is asked to find any 
other factor, such as the strength of the iron, the diameter or 
thickness under certain giveu conditions, he generally makes 
a mess of it, because he has only studied the question from 
one point of view, and has, therefore, only a vague and a 
confused perception of the various relationships; and it will 
be a good investment and time well spent if he reverses the 
questions in various ways, so that with practice be may be 
able to find one factor just as easily as another. 

To illustrate — Take the iron Boiler in the last example, 
and suppose the question is asked iu the following manner: 

In a boiler 72in. in diameter, with a working pressure of 
100 lbs. per sq. in., and a factor of safety of 6|, what must 
be its thickness? Here 
Diameter in in. x pressure x factor of safety 



Strength of the iron x 2 

id in this case 

72 X 100 X 6J 



^ Thickness. 



47000 X 2 



= -5in. thick 



the boiler had been built of steel we get the same result; 



72x100x8-7 
62720 X 2 



= -Sin thick 
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Take another example: A moclera steel boiler (without 
seams) is 15 feet in diameter, and the shell plates are lin. 
thick, Would it be safe to work it at ISolbs. per sq. in.? 

The atrain on each linear ineh of shell would be ISOin. 
X 155 = 27900, and the material to resist this pressure is 
one sqitare inch on each side ^ 2 square inches altogether. 
Therefore 

62720 X 2 _ 125440 

27900 ~* 



--4'5 



27900 

the factor of safety, so that it would be practieally safe to 
work this boiler at 1551bs., because the Board of Trade have^ 
under certain conditions, reduced the factor of safety for 
shells from 5 to 41. (This, howev.er, would not be strong 
enough if there were riveted joints.) 

Then to find the thickness when eveiything else is given 
we have 

180x155x4-5 

62720 X 2 ^ ^^* 
the required thickness. 

The usual method of expressing the above in our text 
books is in the form of an equation, thus: 
Let P ^= pressure in lbs. per square inch 
„ D = diameter (internal) in inches 
„ L^= length in inches 
„ T = thici£ness in inches 
„ 8 ^strength of material in lbs. per square inch. 
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Then P x 



D X 
P X 



L ^ 

D = 



X S 



T 



(1) 
(2) 



2 X T X L 
2 X T X S 

D X P 

2 X S 

This expressed in words aimply means (assuming the 
boiler to be on the point of bursting) that the pressure in 
lbs, X diameter in inches ^ sectional strength of the 
material (1) ; also, that the thickness. T, is always found by 
multiplying the diameter in in. by the pressure in lbs. and 
dividing by twice the strength of the iron. 
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This formula would apply to our 15 feet steel boiler in 
last example, as follows: — 

The sectional strength of the steel was 4-5 times stronger 
than the steam pressure ; therefore, to make 

D X P 

T=:- 

2 X S 

we must raise the working pressure 4-5 times, and 155 x 4-5 
^^371bs.. the bursting pr^isure. Now, the diameter 180 x 
697 ^r^ 12546011)9„ and the material to resist this ia 2 square 
inches = 62720 x 2, also = 1254401b8.. so that 

D X P 

T^ 

2 X S 

proTing that the force of the steam and the strength of the 
steel are in etiuilibrium, and that the slightest excess of pres- 
sure would blow the whole structure to pieces. 



Oval Shells. 



Although oval shells for high pressures are things of the 
past, it is desirable to point out that their behaviour under 
pressure is exceedingly complicated, as their resistance 
varies with every change of shape, and requires exceptional 
raathematical knowledge to investigate the strains. 

There is one thing, however, in connection with oval sheila 
which deserves our attention. 

Boilers of this shape are generally made with top and 
bottom forming portions of a true circle^ running into the 
flat sides, which are, op shoiild be, stayed in accordance with 
the rules for flat surfaces. 

Some meehanica are of opinion that any portion of circular 
plate is as strong as if it formed a part of a complete shell, 
but in many instances this is not so, and can only be the case 
when the ends of the circles, so to speak (where the cylin- 
drical part joins the ilat), are stayed with equal rigidity 
as they would be in a continuous circle, which would be 
represented by a tangential stress equal in force to the 
pressure multiplied by the radius. 
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Cases have occurred wliere, owing to the defective rigidit 
of the tlat aides, the steam pressure actually put the top and 
bottom rows of stays in compression. 

Henee in staying oval shells the principal consideration 
the position and sectional area of cross stays, especially 
top and bottom rows, the object being to prevent a 
"spring'' where the circular and flat surfaces meet. - 

Respecting the true strength of boiler material, it is neces- 
aaiy to point out that in all tests relating to iron or steel in 
tension straight bars^ plates, or specially prepared strips are 
used in determining its resistance; coasequently the material 
is only strained in one direction, whereas in a boiler shell it 
has to bear a lateral strain, being under stress longitudinally 
and transversely at the same time. 

Having those forces practically pulling at right angles tu 
each other, the question arose as to whether, under such con- 
ditions, the original tensile strength was injuriously affected, 
and it is satisfaetoiy to know that practical experimen 
on wrought iron spheres coneluBivcly proved that wb 
strained simultaneously in all directions the iron is just 
strong as when stretched in a straight line. 

Another thing worth noting, and which specially applies t 
steel sheila, is that if we set about trying to burst them, ev 
with a hydraulic pump of unlimited power, we couldn't 
it, because the material ia so exceedingly ductile. When w 
remember that a steel strip lOin. long will extend, or elon- 
gate, ^th of its length before it breaks, it must follow that 
we subject any steel shell to excessive pressure the only 
effect will be to **oval" the rivet holes and let the water out; 
it would leak freely, but could not burst. 
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Transverse Strain. 

We now come to the consideration of how a boiler shell isj 
strained transversely, or cireumferentially ; that is the ten^ 
deney to separate the shell into two rings, which would tal 
place if a "^'ring seam'' were to give way throughout H 
entire circumference. 
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always 



square 



strain in this direction is very sii 

al to the area of the end in 

pnea oy tne pressure in lbs. per sq. iu. 

As an example, take a plain cylindrical iron boiler, 72in. 
internal diameter and ^in. thick, the working pressure being 
1301bs. per sq. in. "What amount of force would we have 
tending to blow the end out? 

The area of a 72in. circle is 4071*5 square inches; there- 
fore, 4071-5 X laOlbs. equals, roughly, 5300001ba., which is 
the total pressure acting against the end. 

How much material have we got to resist this? An 
amount equal to the eireumference of a 73in, cylinder multi- 
plied by its thickness — in this case 72 x 3-1416 x '5 = 113 
square inches of material to hold the end. 

Taking iron at 470001bs. per sq. in., we have 47000 x 113 
(roughly) = 5300000; so that dividing the strength by the 
strain we get 

5300000 



10 



530000 

showing that the iron is 10 times stronger than the steam 
pressure. 

But though we have a margin of strength of 10 to 1 in the 
direction of the "end" pressure, it can be shown and proved 
that the same- pressure acting in the direction of the boiler 'a 
length only gives us a margin of safety of 5 to 1, instead of 
10, because the pressure in lbs, multiplied by the diameter in 
inches, divided into the strength of the sectional thicfcaesB 
(1 square inch) = 5. Thus— 72 x 130 = 9360, and 

47000 



9360 



= 5 



showing that in all cylindrical shells, no matter what their 
diameter, thiekness, or working pressure may be, the material 
in the direction of the boiler's length has to bear twice as 
much strain aa the material in the direction of its circum- 
ference; that is, if it takes, say, 5001bs. per sq. in. to burst 
it in a fore and aft direction, it will take lOOOlbs. to burst 
it athwart ships. 
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As another example showing the application of this prin- 
ciple to all cylindrical vessels, take the high pressure 
cylinder of a quadruple expansion engine. 

Say it is 40iii. in diameter and l-Jin. thick, and that the 
total pressure is 2001bs. per sq. in. We want to prove that 
the strain in the direction of its length is twice as great aa 
in the direction of its circumference. 

The force tending to blow off the cylinder cover is equal to 
the area in the sq. in. multiplied by the pressure in Iba. — 
in this ease, 1256-6 x 200 = 2513201bs. (= 112 tons). 

Then to resist this we have an amount of materiBl equal to 
the circumference of a -iOin. elinder multiplied by its thick- 
ness. Therefore, vre have 40 x 3 1416 = 125-7 inches in 
length and l-Jin. thick; so that 125-7 x 1*6 = 188 -5 square 
inches of sectional area to hold it. 

Taking the tensile strength of cast iron at 7 tons per sq. in. 

= 156801bs,. the total strength in our material must he 

188-5 X 15680 = 29556801bs., and the total strain being 

2513201bs., we have 

2955680 

= 12 (nearly) , as the transverse 

251320 '^ 

margin of strength. 

Looking at this cylinder the other way. longitudinally or 
lengthways, it has been showTi in previous examples that its 
margin of strength is found by multiplying the diameter in 
inches by the pressure in lbs., and dividing by the sectional 
strength of the material. Applying this, and running out 
the figures, we have 40 x 200 = SOOOlbs., the pressure per 
lineal inch. 

To resist this we have twice the thickness, viz., l^in. x 2 := 

3 square inches; therefore 3 x 15680 ^^ 470401ba., the total 

strength 47040 

strength; then dividing — ^^ — ^yg get "H^TT = 6 as the 

strain ^ 8000 

margin of strength, which is just one-half, showing that the 

strains in all cylinders under pressure are as 2 to 1 in the 

direction of their length and circumference respectively. 

In our text books the above is usually expressed as an 
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equation ; but, before putting^ it in that form, it may be 

necessary to explain that in * * f ormiiUe ^ ' the symbol v always 

represents 3.1416 (the eircuioference of any citele whose 

Diameter^ x tt 
diameter is 1), also that the = the area of any 

circle, and is the same as the diameter" x -7854 = the area 
of any eireie. 

Circumferential strain (using the same notation) is ex- 



pressed thus: Px 



D^XTT 



= 7rxTxDxS. 



To a mechanic v,'ho does not understand equations this 
method is, no doubt, confusing; but it simply means that 
when the pressure in lbs. x area of cud in aq. in. = circum- 
ference in in. x thickness x strength per sq. in. the force of 
the steam and the sectional strength of the iron are exactly 
equal, and that the slightest excess of pressure would blow 
the end out. 

Putting it practically, we might say that if the total 
pressure on end was 100 tons, and the total holding strength 
of the iron was also 100 tons, the boiler would be on the 
point of bursting. 

To make this perfectly clear» let us apply this "formula" 

to a previous example, where the boiler was T2in, in diameter 

and ^in. thick, working at 1301bs,, and where the margin of 

safety was found to be 10 aud 5 to 1 respectively. As in this 

case we are dealing with the 10 to 1 margin, it is very evident 

if we increase the pressure 10 times, = ISOOlbs., there will be 

no margin left; because 13001bs. x 4071 (the area in sq. in.) 

^ 53000001bs, nearly, and sectional strength of the iron =r= 

113 X 47000 = 53000001bs, also: so that the strain and the 

D2 X ff 

strength are equal, or (what is the same thing) P x 

4 

^=7r>;TxDxS, and this is what the formula means. 
For the thickness in this (transverse) direction we have 



T — 



P X D 

4 X S 
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and as the formula for longitudinal strain is 

P X D 

T= — 

2 X S 

we again see, by comparing the two, that with the sanoe 

pressure, diameter and thielaiesa, a cylindrical shell is twice 

as strong fore and aft as it is athvv^ariisliips, and that is why 

we use 4 X S and 2 x S as divisors. 

As practical raeehanies, however, we know that the above 
statements must be received with some caution; because 
when at work, and especially when getting up steam, in 
almost all boilers the ring seams, though theoretically twice 
as strong, are in many instances more severely strained thaji 
the longitudinal joints. 

It has been previously shown that the elastic limit of iron 
is usually equal to one-half the breaking strength. Taking 
it at IQ tons per aq, m.^ and assuming that weight to produce 
a permanent set of ^in., the very same amount of injury 
would be sustained by the iron if it was stretched to the same 
extent by increasing its temperature. Hence it is we have 
80 much trouble when there is any considerable variation in 
the temperature of the various parts. 

Iron e:spands when heated with a force exactly equal to 
the force with which it resists compression at the same 
temperature, and contracts with a force equal to the force 
with which extension to the same amount is resisted. 

The co-efScient of expansion for iron plates not under 
pressure is 0000064 of their linear dimensions: that is, aa 
iron plate or bar will expand that extent for every additional 
degree of temperature. If under pressure, they alter in 
length according to the quality of the iron. 

Raukine tells us that a strain of 1861bs. per sq. in. will give 
the same alteration in length as raising the temperature one 
degree Fah. 

This is a wonderful statement, for allowing the ends of a 
plate to be rigidly tixed,an increase of one degree Pah.wonld 
subject it to compressive stress of 1861bs, per sq. in.j while 
a decrease of one degree would ensure a tensile strain of 
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equal intensity, and those strains are quite independent of 
tlie sectional area of the iron. 

It may be noted in passing that the words ** stress'' and 
"strain" are used indiacriminHtely. This is scarcely correct. 
Practically speaking, the word ^* stress'^ to a mechanic im- 
plies a force, or load^ that the material may safely bear with- 
out injury j whereas the word '* strain*' is suggestive of a 
force, or load, w^hich results in permanent set. This good 
old fashioned way is wrong, and the technical distinction, 
so far as our subject is concerned, might be expressed aa 
follows: — Every boiler subjected to pressure changes its 
form, and this change of farm is called the * 'strain,'* due to 
the pressure, or load. This strain may be within or beyond 
the elastic limit, but in all cases the molecular actions — that 
is, the alteration in the position of the particles of the steel 
or iron^ — developed by the steam pressure, which resist 
deformation, are called ^^stresses/' These two words^ how- 
ever, are thoroughly *' mixed" in our text books, and the 
above distinction is often disregarded. 

Another thing relating to boiler ends, and to which atten- 
tion might be directed, is that when internal furnaces are 
fitted the total pressure which the end plates have to bear is 
reduced in proportion to the size of the furnace. For ex- 
ample: Assume our 72in- boiler shell, ^in. thick, had a plain 
36in. furnace, also ^in, thick, running through it, then the 
area of the boiler end exposed to the steam pressure is re- 
duced ith, but the seL'tional strength is increased J, because 
in any circle one-half the diameter of another the areas are 
as 1 to 4. but the cireumferenees are only as 1 to 2, conse- 
quently in this boiler shell, holding the end. we have 113 
square inches + 56-5 square inches in the circumference of 
furnace, giving a total of 169-5 square inches, preventing 
end being blown out. 

This shows that in all such cases the sectional strength of 
the furnace is to be added to the sectional strength of the 
shell plating, and also that where the furnace is one-half the 
-diameter of the shelly and the same thickness, the holding 
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strength is increased 50 per cent,, and the surface exposed to 
the steam pressure reduced 25 per cent. 

Boiler-makers and engineers are well aware of the in- 
jurious effects of imeqiial expansion in shells and furnaeeSt 
and until lately few realised the great importance of provid- 
ing means by which this great difficulty could be oveneome, 
or, at all eventa, coQsiderably lessened. 

It is this subtile force which in almost all cases causes the 
leaJcB, ruptures, and distortions with which we have to con- 
tend — a force which does not show on the steam gauge or 
safety valve, and a force compared with which the steam 
pressure is often a very small fraction. An experiment 
showing this very plainly was tried many years ago, but 
where I forget. Two boilers were set in brickwork, but had 
separate furnaces under each. Sometimes the fire was only 
under one^ but steam at 501 bs. per sq. in. filled both. 

As water can only be heated by convection (circulation), 
and will scarcely receive heat downwards, the steam in this 
ease was not condensed by the water in the boiler under 
which there was no fire, the bottom of which was practically 
cold. Both boilers were 30 feet long and 30 inches in 
diameter, without ilnes. The boiler under which the fire wag 
had a temperature of 300"^ Fah. in the water and in the 
steam, and by careful measurement it w^as IJin. longer than 
when cold. 

The other having water in bottom half at 60° and steam in 
top half at 300^ was by the force of expansion bent some- 
thing like the segment of a circle, and commenced to leak 
badly along the bottom. This experiment justifies us in 
assuming that the strain on that boiler was just as severe 
as if the ends had been rigidly fixed and screwjaeks applied 
underneath it, and worked up until the boiler was bent to 
the same extent. 

JIany accidents occur from this cause, and it may be {in 
the past) that the majority of explosions about which there 
was so much mystery could have been accounted for by the 
practically unknown forces which boilers have to bear from 
unequal expansion and contraction. 
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In deaigning, too mueli attention eamiot be given to pro- 
viding good circulation and the equalisation of temi>erature, 
especially when getting up steam, and although the means 
■usually adopted to attain this are not altogether perfect, 
still they do lessen the evil materially. 

On land, for internally-fired boilers, Galloway tubes in the 
furnaces and combustion chambers are the most effective, 
and sbotdd, where possible, be fitted; while in large marine 
boilers various plans are in use with varied success. 

The ' * Hydrokineter ' ' has given fair satisfaction, and, if 
used with care and judgment, when getting up steam the 
temperature at top and bottom of the boiler is practieally the 
same. This can, and should always, be proved by the ther- 
mometer. Its action ia very simple: Steam is taken from 
the donkey boiler and admitted by suitable cocks and cones to 
the main boiler near bottom of shell, where, parting with its 
heat, the surrounding water becomes heated, and is conae- 
quently lighter ; it begins to move upwards, the colder water, 
being heavier, taking its place, and so the motion goes on 
untit the whole of the water in the boiler is, as above stated^ 
at the same temperature. This appliance, however, requires 
another boiler to generate the steam in the first instance^ and 
this method is almost entirely confined to marine practice. 
Another plan (open to the same objection) is to couple the 
donkey suction to boiler bottom, aud pump the cold water 
from underneath the furnaces, discharging it at the water 
line. By continuous pumping for two or three hours the 
temperature at top and bottom is equalised, 

Again, some makers fit very large vertical Galloway tubes 
in the combustion chambers, which also to some extent circu- 
lates the water from bottom to top, and this plan, being self- 
acting, commends itself to many ; but in practice they have 
given great trouble, and in most cases have resulted in hav- 
ing to be cut out. This, however, is scarcely the fault of the 
tubes, but is often caused by bad design. Whenever such 
tubes are fitted the dimensions of the combustion chamber 

ould exceed considerably the orthodox proportions. The 



fBdini St the top and bottoni flanees of the tnbes should 
m Urge and bold as povblc, aod speeial attention given 
to the top of tlie dnmberi to toscEre their not being stayed 
too rigidly, so that when heated the long tabes may have 
ample room to expaiMi, for if doe prorinoa ia not made for 
thia an injnrions eompiieaBiTe strain will be developed^ 
r^solting in craektag and wrinkling actions, which will de- 
stroy thero in a short time. Several instances might be 
mentioned where after twelve years hard work such tubes 
are as good apparently as when they left the shop ; but in a 
large majoritj^ of eases they have had to be cut out, and foQL. 
the reasons mentioned above. H 

In all boilers where such appliances are not fitted one of 
the next best things to do \s. when getting up steam, alwaj^s 
fill the boiler well above the top gauge glass cock ; then wheD 
water gets warm, and before any pressure shows, open, 
blow-off, and blow as much of the cold water out as possible; 
then when you get as much steam as will start donkey o^ 
injector, change water from bottom to top. 



CoUapsing Strain. 
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We now pass on to consider the strength of a furnace, also 
a cylinder, but having to bear quite a different strain to the 
shell or ends. 

When under pressure the shell has to sustain a tensile or 
bursting strain; but the furnace is exposed to a ooUapsing 
pressure, which requires a distinct and different method of 
calculation. 

In dealing with this impoitant part of our subject we had 
for many years some well known "data'' to guide ua, which, 
although not perfect, were recognised as being reliable and 
safe. Their real strength under actual working eondition:3 
can scarcely be conclusively demonstrated ; but the splendid 
and elaborate series of experiments lately carried out by the 
Board of Trade and Lloyds on full-sized furnaces of various 
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kinds has practically settled their respective strengths when 
tmder a eold water test, and the different eoUapsiag ** con- 
stants*' are derived from the results of tessting full-sized 
furnaces to destruction. 

It is now over forty years since Pairbairn completed his 
valuable experiments on the collapsing strength of tubes. 
As before stated, it is to Fairbairn we are indebted for much 
information reRpeeting boiler strength, althouf^h some of his 
conclusions in the light of later experiments have had to be 
considerably modified, Ejtill the work he did must always ha 
recognised and appreciated as beiog invaluable. 

One of the most remarkable results of his labours was that 
vnth the same diameter and thickness of furnace the strength 
decreased as the length increased^ and from his experiments 
he constructed a ''formula," which for many years waa 
almost invariably received and adopted as the standard rule, 
I and which was used by engineers and boiler-makers with all 
L confidence. 

^B What Fairbairn proved was this; That when furnaces are 
^^xposed to collapsing strain their strength waa inversely as 
their length, inversely as their diameter, and as the square of 
their thickness, which, simply means that if we take two fur- 
naces the same diameter and thickness, only one is 5 and the 
other 10 feet long, the short one is twice as strong as the long 
e ; or if we have two furnaces of the same length and thick- 
ness, only the one is 2 feet and the other 4 feet in diameter, 
then the small one is double the strength of the large one. 
But all, or nearly all, Fairbairn *s experiments were eon* 
cted with cornparatively small, thin tubes, and did not 
brace the conditions under which modern furnaces are 
constructed^ which has resulted in considerable modification 
of his formula^ and this is specially so in relation to the 
various forms as now used for the exceptionally high work- 
ing pressures. 

One of the most important objections to the application of 

airbaim's ''formula" to modem boiler practice is that 

here is virtually only one rule for all kinds and classes of 
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construction, and no provision or sliding scale for punched or 
drilled holes, or for plates drilled or punched before or after 
bending, whether they are drilled in place or otherwise, or 
whether the material ia disposed so that its maximura 
strength ia economically utilised — in fact, no distinctive 
variation in the strength constants for good or bad work. 

The absolute necessity of making rules, which shall apply 
to all classes of boiler work, has been fully recognised by all 
modern authorities, and the Board of Trade has no less than 
fifteen "constants/' ranging (for iron) from 90,000 for the 
very best down to 60,000 for the very ^vgrst class of work. 

For steel the number of constants is the same, ranging 
from 99,000 to 66,000, which means 10 per cent- more for 
steel than iron. 

It must also be remembered that the above SO strength 
coBJstants refer and apply to plain furnaces alone, and 
that each patent corrugated and ribbed furnace hag each a 
different and distinct constant of its own, Avhieh will be 
described and explained in due course. 

That such distinctions should be made is very necessary,, 
and they have already been the means of vastly improving 
design and workmanship, besides giving credit where it ia 
due, and have proved a strong incentive to increased excel- 
lence in construction. 

Pairbairn'a rule is as follows^ — 

806300 X T2.19 



P = 



LxD 
Where P = collapsing pressure per square inch 
T == thickness in inches 
L ^ lengi;h in feet 
D ^ diameter in inches. 
Instead of the 2I9th power the square of the thickness is 
uaually allowed to he near enough in practice. Expressing 
the rule in words* we would say : "Constant'* x square of the 
thickness -:- length in feet x diameter in inches = the col- 
lapsing pressure. 
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Take as an example a furnace 8ft. long, 36m. in diameter, 

fin. thick, and lap jointed^ we would have 

806300 X 375= 

^ 392lbs. 

8 X 36 

the collapsing pressure, and allowing a factor of safety of 6 
to Ij the working pressure would be -^ = 651bs. per aq. in. 

Id. very long furnaces they are strengthened by angle or 
T iron rings fitted in the usual way, the distance between thy 
ring centres representing the furnace length, so that if the 
flue wag 20 feet long a ring riveted round the centre was con- 
sidered to be jiLst as strong as if it were only 10 feet long. 

The es:act amount of strength imparted by such rings is 
very donbtfuU and several surveyors have stated that under 
certain conditions, which often occur in practice, they 
actually weaken the furnace. 

This. I apprehend, refers to allowing the space between the 
ring and furnace crown to become dirty, when, of course, the 
plate becomes overheated, and, as a natural consequence, 
buckles and craeks. But that would and does happen with 
any plates having no rings if they be neglected; but there is 
no doubt if rings are properly fitted, k&pi ckauj and the fur- 
nace ends not too rigid, they add most materially to the 
strength, although not perhaps to the extent and proportion 
stated in the rule. However, it is satisfactory to kuow^ as 
boilers were made in Fairbaini^a time, they were practically 
safe for the pressures then carried. 

In all furnaces under steam pressure there is often, in fact 
always, a great difference between top and bottom. The top 
being at & higher temperature will, of course, be longer, and 
if we assume the end fastenings to be perfectly rigid» the top 

ould be compressed and the bottom stretched, and for every 
degree of diiference of temeperatiu'e we would have a com- 
pressive strain on top and a tensile strain on bottom of 1S6 
-^2 ^ 981b3. per square inch. 

This is merely the theory of unequal expansion and con- 
traction ; but we know in practice that nothing of the kind 
takes place. 
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Tbe furnace ends ar« not ri^d, and in almost all cases, 
when ordinary care is exercised, they aeeommodate them* 
selves to any moderate difference of temperature. 

It is desirable to mention here that in Fairbairu's experi- 
ments the fines or furnaces were small in diameter, lap- 
jointed, and single riveted, and not more than the thickness 
of the plate off a true circle. 

Another thing in connection with all furnaces is that we 
«oon eoine to the limit so far as the square of the tMckness 
is eoncemed. 

We cannot, or, at all events, we do not care about mereas- 
jng the thickness beyond |in. or Jin. at most, as in the 
opinion of those capable of judging thicker plates could not 
transmit the heat quick enough to prevent the fire side of 
the plate being burnt. This 13 a question which is attracting 
COn-siderable attention at the present time, and is still un- 
solved ; but several valuable e^cperiments by Dr. Kirk, Blee- 
hynden, Morrison, and others have been carried out lately 
(referred to farther on), which show very clearly that there 
is a very considerable temperature difference between the 
fire and water side of fnmace plates, and that such difference 
becomes greater as the plates are increased in thickness. 

Beferring again to Fairbairn, it is nece&sary to point out 
that his rule (for plain furnaces) still holds good so far as 
the length and thickness are concerned* It is the strength 
** constant" that ha.s been materially altered, because the 
true atrength has from time to time been conclusively proved 
by the testing to destruction of full-sised furnaces. The 
constants now used are all derived from the actual collapsing 
pressures, and it is most interesting to note how the value of 
the constants have increased as the strength of the material 
and workmanship improved. 

All such experimentSj however, have been carried out under 
the cold water hydraulic test, where tbe temperature waa 
uniform, and not under the actual working conditions, when 
the variation in the temperature becomes a material and 
important factor in the calculation, and this must of ueces- 



as 



sity remain so because of the difficulty and danger of obtain- 
ing collapsing results when under steam. 

About tile year 1880. when the working pressure rose 
from 60 to lOOlbs., the thickness of our furnace plates had to 
be proportionately increased, and we are indebted to Sanisou 
Fox for the design and construction of a furnace which en- 
abled us to work at a much higher pressure with a com- 
paratively thin plate. 

In 1878 Fox made his first eornigated flue, a sketch of 
which is shown in Figure 3, which also shows the teating 
apparatus used for determining the relative collapsing 
strength of plain and corrugated furnaces. 

This was tried in March. 1878, at the Leeds Forge Com- 
pany's works, in the presence of a large number of engineers 
and boil&r builders. 

Two iron furnaces were esperimented upon tmder cold 
hydraulic pressure. One was corrugated, the other plain, 
and both made of the same quality of iron. They were 
practically of the same dimensions, being about 38in. in 
diameter, ^in, thick, and 7ft, long. 

The teat vessel was a wrought iron welded cylinder, Sin. 
larger inside than the tube to be tested. Five welded rings, 
5in. X 4iu-, were bored and ahrujik on, the ends being cast 
iron rings connected by longitudinal bolts, and bored to re- 
ceive the turned ends of tubes, with a groove to receive a 
cupped leather M^asher, Kuch as is eomjnonly used for packing 
hydraulic rams. 

Both furnaces were welded, and were fairly cylindrical. 
The plain furnace was tested first, and gave way at 200lbs. 
per sq. in., failing first at the horizontal diameter (least\ 
the amount of deflection being ]^in., and about 2ft. long. 

By Fairbairn^is formula it should have stood 3501ba. per 
square inch. 

The plain tube waa then replaced by the corrugated, and 
the pressure applied, when it failed at 4501bs., proving that 
under similar conditions, being the same length, diameter, 
and thickness, it waa more than twice as strong as the plain 
one. 
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The result of such experiments gave corrugated furnaces a 
great impetus, for they not only demonstrated the superiorily 
of the corrugations, but proved we could work at more than 
double the pressure with the same thickness of plate. 

Another important matter in connection with them is, that 
their len^h does not affect their strength, as the len^h of a 
corrugated furnace is measured by the distance between the 
centres of the corrugations. Consequently, we have only to 
construct a formula which will limit the steam pressure in 
such a way as to prevent an excessive crushing strain being 
put upon the iron. This is effected by what we may term the 
^'limiting formula/' the object being to prevent the material 
being subjected to a strain which would exceed its elastic 
limit, and so permanently injure it. This will be explained 
in due course when we ■ come to consider the respective 
strengths of the different furnaceSj each of which has a 
different constant. 

In July, 1880, the first corrugated steel furnace was tested 
in a similar manner to the iron one described. 

It was approximately of the same dimensions and stood a 
pressure of 600]bg. before it collapsed, but in this case more 
care was taken to make it more truly circular than in the 
first instance, being in no part more than its thickness off a 
true circle. 

Various other experimental furnaces were tested, and in 
all it was noticed they gave way in the direction of their 
shortest diameter, and in the furnace that collapsed at 600 
lbs. per sq. in., it was permanently bulged about Sin. 

The cross section of the tube after failure could scarcely bo 
called an oval, for it greatly resembled the cross section of an 
ordinary flat-sided boiler, with a aemi-eylindrieal top and 
bottom. The respective diameters were 36-06in. vertically 
and 31'12in. horizontally, the difference being 4-84in, 

Although bulged inwards to that degree it did not even 
leak, and it was tested again in its altered conditionj and it 
sustained a pressure of 3501b3 per aq. in., when it collapsed 
almost as suddenly as in the first instance. 
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This is an important feature in a corrugated furnace, for it 
sometimes happens (but almost always througli preventable 
causes) , thai they get out of shape in places to the extent of 
one. two, and even three inches, caused by accumulation of 
scale, dirt, or oil; but I have often tested such furnaces to 
double their working pressure, and there was practically no 
movement, and certainly no permanent set; and if 
the cause of such local flattening was removed — which 
means that the furnaces were cleaned and k&pt clean — such 
furnaces woidd work and have worked for years. Again, 
when partial flattening takes place at sea — and it may he 
thousands of miles from port — it gives the engineer confi- 
dence to complete his voyage, after cleaning^ when the fur- 
naces can be '*set up" to their original shape. 

Referring again to the first experiment, when the plain 
furnaces collapsed at 2001hs, — when by Fairbairn 's rule it 
should have stood 3501bs. — much has been said and written, 
and any expression of opinion for or against experiinents 
can only be taken for what it is worth. 

Fii'st of all, it is evident that these and all such experi- 
ments, though of imdoubted value, do not, and probably 
never can, embrace all the conditions relating to furnaces in 
actual work. 

The cold water test is, beyond question, the best, and, in 
fact, the only means we have of determining their strength^ 
but we do not take into consideration or make any allowance 
for the many racking and practically tinknown strains which 
the furnace especially has to bear through sudden and 
material variations in the temperature; and there is little 
doubt that a furnace under steam is weaker than when under 
cold water pressure. 

When furnaces are tested to, say, double their workingf 
pressure, if there is any movement, it will be perceptible in 
an alteration of the relative diameters at right angles to each 
other, which may or may not affect a large percentage of the 
length ; and wherever the weakest spot is, there the diameter 
will be least. If we continue increasing the pressure (unless 
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any spot is exceptionaUy weak), its effect will produce a 
contrary distortion at right angles. 

Up to a certain point, the strength of the tube may not be 
affected by its length ; but, when distortion becomes general 
it is then th.at the element of length comes in to affect this 
resistance ; and it is then that the ends materially assist the 
furnace in sustainiag the pressure — the material under tho9<i 
conditions being in a state of tension. And in this particular 
ease it is the opinion of many engineers that if the ends of 
the plain iron furnace had been secured to ends in the test 
cylinder, the longitudinal tension upon the tube would have 
brought out the collapsing pressure — nearer Fajrbairn's cal- 
culation, viz., 3501ba. per aq. in. 

Again, in furnaces under pressure, and which have a ten- 
dency to flattening, that is, altering their respective 
diameters, the shorter the tube the sooner this f3attening will 
be stopped by the assistance from the ends. And, as it has 
been already shown that the amount of stretching due to a 
given load is a factor of the length in plates of uniform sec- 
tion, it follows that the deflection and pressure tending to 
produce collapse depends, to some extent, on the length of 
the furnace. 

Another thing is of considerable importance, and 
specially applies to long furnaces. If we assume the 
strength varies inversely as the length. Wilson shows that a 
furnace of the same dimensions as the experimental plain 
f iirnaee^but 32 feet long — would be destroyed by a pressure 
of SOlbs. per sq. in., and it is well known that long un- 
strengthened tubes of similar dimensions, and of a weaker 
shape, have worked for years at thia^ and even a greater 
pressure. From this we may reasonably conclude that 
the ring seams must be credited with a value they have 
never received, and that in such furnaces the strength does 
not vary inversely as the length. 

In aU methods of calculating collapsing pressures^ the ring 

seams get no credit. But there is no doubt, when such seams 

ire continuous^ that they do strengthen the furnace consider- 
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ably, although to what extent could only be determined by 
act^ial test. But in support of their adding to the strength, 
I have often, in fact, always noticed that when any furnace 
flattened, got out of shape, or came down in pockets, the 
extent of the injury was least at the seams and greatest in 
the plain spaces between them. 



Modem Furnaces for High Pressures, 



"When Mr, S. Fox made his first corrugated flue in 1878, 
be had no special machinery to help him. The work was all 
done by hand, and the corrugations formed from a plain 
furnace — hammered into shape on a corrugated anvil block. 

This method of manufacture, in the light of present 
appliances, was crude, and certainly not conducive to exact 
circularity ; but, since that time, the machines invented for 
this special purpose have enabled furnaces to be constructed 
which are practically true circles. 

A paper read by D. B. Morrison (the inventor of the 
Morrison Suspension Furnace), in 1892, before the North 
East Coast Institution of Engineers on "Marine Boiler 
Furnaces/' gives a large amount of useful information. In 
faetj it is, without esiception, by far the most valuable and 
certainly the most practical contribution ever published on 
the subject. 

As the method of constructing modern furnaces may be of 
interest, the following extract from Morrison's paper will 
show how they are made : — 

"In 1882 Fox invented his rolling-mill, which is still used 
by the Leeds Forge Company for the production of both 
Fox's corrugated and Morrison's suspension furnaces, the 
latter being an improved design lately introduced. These 
furnaces are made from Siemeng-^Martin steel ingots, rolled 
into plates of the required dimensions under ordinary plain 
rolls. 

' 'Three sides of a plate are sheared, and on the fourth side 
the development of the saddle is marked and punched out 
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Test pieces are taken from the scrap thus produced and 
tested for tensile* elongation, and bending. 

**Tlie plate is then fonned into a tube and lap-ivelded by 
water gas, the welding by this process being so efficient that 
in a series of tests lately made the tensile strength across the 
weld was found to be but slightl}" leas than that of the 
original plate, 

' 'This welded tube is next heated in » special furuaee, and 
is then placed in Fox's patent mill, the rolls of which are 
corrugated; and in order to get the tube between the rolls, 
the top roll is worked out and in longitudinally by hydraulic 
power. 




fox's COSBUQATBIk BOILKB ITTKNACS. 



'* Complete corrugations are formed by one revolution, but 
a few turns are gi^en for finishiug, and the furnace is with- 
drawn as a perfectly cylindrical corrugated tube, 

''Flanging is the next process, and although this has 
hitherto been done by hand, arrangements are being made 
for flanging by hydraulic pressure. 

*Thia undoubtedly will be a great improvemeutj because 
of the fact that the greater the amount of ^vork put on the 
back ends of furnaces of any type, the greater is the liability 
Jo crack, especially if the steel is of high tensile strength. 

*The furnace is now complete, the final process being 
innealing. 

*The furnace which is the greatest rival to the Fox is 
that known as 'Purves' ' patent, and is manufactured by 
Messrs. John Brown and Company, of Sheffield. This fur- 
nace was patented in 1880 by Mr. Purves, late of Lloyd's 
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Registry, and consists of a series of thickened ribs— 9m. 
betwepQ the centres — the part between the strengthening riba 
being of plain cylindrical form. 

"A novelty in this furnace is the method of manufacture, 
as it is the iirst furnace of unequal section and the first 
furnace not made from an originally plain plate of equal 
thickness throughout, 

**The 'Purvea' fine is made from a Siemens-Martin ingot. 

** Rectangular section slabs sufficient for two flues are 
formed from these ingots under a 15-ton hammer, the alalia 
heing about 7^ inches thick, and their length being eqiialH 
approximately to the length of the flues required. Special ^ 
roughing rolls convert the slab into a ribbed plate l^in. 
thick, which is then cut in two by a very powerful pair offl 
shears, and, after re-heating, each half is passed through 
finishing rolls until the final required thickness is reached. 

"At one side edge there ia a piece of plain plate, 15 inches 
wide^ to the centre of the first rib, intended for the front end 
of the flue, and at the other side the plain part is 23 inches 
wide and intended for the back end of the fine, and thefl 
thickness in both these side edges is increased by an ^in., to 
aflow for the thinning which takes place during flanging, etc. 

"After being sheared at the edges and slotted to the shape 
required, the plate is bent into a circular form by a special 
hydraulic press. 

"The edges are then welded together by the insertion of 
glut-pieces, the plain parts being welded first and the ribs 
afterwardii. Annealing is the next process, and after being 
withdrawn from the annealing furnace, the flue is converted 
into a perfectly circular tube by a very ingenious hydraulic 
press. It is then flanged iu the ordinary way, and finally — 
anjiealed again. '* fl 

The latest design introduced is that known as Morrison's 
Suspension Furnace, which is a modiieation of both the Fox 
and Purves type, and a combination of the good features of 
each. It is manufactured at the same place, and in exactly 
the same way as the Fox — the sanie processes being em- 
ployed throughout. 
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Another important feature in coBnection with sueh fur- 
naces is that special provision is made for renewing them 
without interfering with front plates — and this is effected by 
cutting away the lower half of the tiai]g:ed end where it 
connects to combustion chamber tube plate— so that it ter- 
minates in a plane inclined at about 120^ to the horizontal, 
and consequently the furnace if required to be renewed can 
be raised, and tilted at the front end — thus enabling the 
flanged part at back to pass through the hole in front plate, 
without disturbiag anything else. See Figure 4 — which 
shows (in Morrison's Suspension Furnace) how this can be 
done- 

During the five years from 1886 to ISOl a series of 
the most extensive and expenaive experiments ever attempted 




were carried out on various types of furnaces^uuder 
the supervision of the Board of Trade and Lloyd's Registry, 
The whole of the furnaces were full sized, and the conditions 
o£ test were of the most elaborate and stringent character. 
Nothing less than six furnaces had to be constructed for each 
design — the approximate length being 6ft. Gin., and the 
thickness ranging from ^\m.^ up to T^^in. They were all fitted 
-riveted in fact to properly constructed chambers, and 
ited to destruction hy hydraulic pressure, in order to get 
at their actual strength, from which was deduced their re- 
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spective collapsing constants, and such constaats are found 

in the following manner. 

If we know the collapsing pressure of any corrugated 

furnace, it is very evident from what has been already said 

thui if we raiiltiply the diameter in inches hy the collapsing 

pressure in lbs,, and divide by the thickness^ the result will 

give us the strength co-officient or constant, that is; 

P X D 

—^^ = ^- 
T 

Where P = collapsing pressure in lbs, per square inch 
D = diameter in inches 
T = thickness in inches 
C = constant for strength. 
Take, for example, Fox's first steel corrugated furnace, 
whose diameter was 38in, and thickness Jin., the collapsing 
pressure being 600 per sq. in. We want to find its collaps- 
ing constant ? 
Here we have 

600 X 38 



375 



= 60800 
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the required constant, and assume we are satisfied with a 

margin of safety of 5; then the constant for finding the 

working pressure of this particular furnace would be 

60800 

— ^=12160 

a 

and the boiler pressure would be 

C K T 

= P. 



In this case 



D 



12160 X ^375 



38 



1201ba. WF, 



which is one-fifth of the coOapsing pressure. 

It must, however, be remembered that in determining such.' 
a ** constant/' it must apply to different diameters and thick- 
ness ; and as the strength of the steel varies from 22 to 2j 
and from 26 to 30 tons, and as the results obtained fro] 
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actual test do not exactly agree with the increase of thick- 
ness^ or the higher tensile of the steel, caused probably by 
not being truly cyliDdricaL or by not being of uniform thick- 
ness — all these and other things have to be carefully con- 
sidered before deciding upon a ^* constant/* which shall 
approximately apply to furnaces of different dimensions. 
Hence it is that all such "constants" have only been de- 
termined after due consideration of the information obtained 
from experimentBl flues tested to destruction. 

The number of furnaces, with claims to suitability for the 
present high pressure, are not confined to Fox or Purves, for 
the Board of Trade and Lloyds have conducted experiments 
on full sized tubes of eight different desig^is, and taking them 
in the order of seniority or age we have 

1 — Plain furnace . . Figure 5 

2 — ^Adamson 's rings . . „ 6 

3 — Font's corrugated . . „ 7 

4 — Purves' ribbed .. ,, 8 

5 — Holmes' ribbed , , !i 9 

6. — Morrison's suspension ,, 10 

7— Dei^hton's cornigRted ,^ 11 

Before describing the above, it is very desirable to make 
some reference to the experiments. 

To us, in Australia, it does seem mighty strange that the 
Board of Trade and Lloyds, after eariying out such a 
splendid and exhaustive series of tests conducted under their 
own supervision, and in strict accordance with eonditiona 
framed hy themselves, get such inharmonious results. 
One would naturally expect and look for standard rules, 
common to both, as the outcome of their experience. But it 
appears the two ^eate^ authorities in the world, in treating 
the results of actual teat, cannot even agree to measure the 
same furnace in the same way. Their constants and nota- 
tion, not only for furnaces but for other parts, are different, 
and although as a whole, both ^eta of Eules are reliable and 
safe, still any one getting out a boiler to pass the Board of 
Trade and Lloyds has to make a double set of calculations — 
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r in gome things, wTiat is good for Lloyds ia not up to 
Board of Trade standard. The Board of Trade in measur- 
ing corrugated furnaces took the mean diameter — that ia, 
the greatest ^ the least ^- 2 ^= mean ; lately^ however, this 
has been altered, and the least external diameter is now 
taken, which must commend itself as being more sensible. 
while Lloyds take the greatest diameter over the corruga- 
tions. 

Then in plain furnaces, the Board of Trade rule ia 

99000 X Thickness = 

= "WP. 

(L' + l) xD 

This L + 1 appears to be scarcely consistent — if we take two 

furnaces of similar diameter and thickness, only one is 5ft. 

and the other 8ft. long — in the one we add Jth (20 per 

cent.}, in the other an Jth (12 J per cent.)^ which of course 

causes a corresponding, but unequal decrease in the working 

presarore. 

Then again Lloyds, in furnaces of certain thicknesSj have 

the following 

1000 X (T — 2) 

D =^P- 

Now this — 2 means that j^th of an inch m deducted from 
the actual thickness of furnace plates to aUow for corrosion; 
which seems to be questionable if not arbitrary, because now, 
when not neglected, corrosion is certainly the exception and 
not the rule. 

In my early days I had to assist in doing a lot of general 
millwright's work, and remember well that almost every 
country blacksmith was a thorough conservative and had a 
screw tackle all of his oivn, and when a set of bolts and nuts 
hy any mischance became mixed, the language used was 
more forcible than politej but the idea of having a ''thread" 
similar to his neighbour was out of the question aU. the same. 
In ehureh matters, the same thing held; if one congregation 
stood up to sing and pray, another in duty bound sat down 
— they could not and would not agree to do the 
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same thing in the ftame way, and it certainly appe 
as if this doctrine has impregnated and permeate 
engineering science so far as boiler construction i 
concerned. To lis, in Australiaf it can scarcely be eoa 
sidered unreasonable, if we expect and hope that the reatdti 
obtained from such valuable teats would be embodied h 
standard fonnulse, having the same constants and notation; 
and which like "Whitworth'a thread would be of nationa 
application. 

Referring to the figures, it will be seen that all the fur- 
naces are of steel, because for present presaurea iron, as wfl 
understand it, is seldom or never used. 

The strength constants for each furnace have been in- 
creased from time to time, and this increase is partly due to 
the almost perfect method of construction; but lately the 
alteration has been caused principally by increasing the 
tensile strength of the steel. 

When the first furnaces were made, the tensile of the steel 
was very low, not more than 22J tons ; but its strength hai 
gradually risen, until in the most recent tests its tensile 
reached 29 tons, and the results proved two things — 1st, that 
the strength of such furnaces increased approximately in 
proportion to their thickness; and 2nd, that the strength 
also increased in direct ratio as the teuaile of the steel ia-. 
creased. 

This, however, was under the cold water teat, but it la 
verj' questionable and extremely doubtful if material of such 
high tensile is suitable for the very trying conditions, such 
as cleaning and banking fires, sweeping tubes, opening o1 
doora^ local heating, forced draught, and all variationa of 
temperature with which it has to contend; besides, recent 
experience goes to prove (and especially in rigid fiLruacei) 
that this high tensile is a mistake, has already given trouble 
and will probably end in failure. 

Fox has constructed 30,000 corrugated furnaces, and 
result of their extensive experience is that they advise st' 
of a lower tensile to be tised, and not to exceed 27 
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while Purves and others advocate as equally suitable steel 
of 28 to 30 tons, but it is suggestive that the German makers, 
Shulz and Knandt, of Essen, who have constructed 16.500 
such furnaces, state very distinctly that 16,000 were made 
from steel whose tensile ranged from 23 to 26 tous, and that 
cracking, splitting, or trouble of any kind was unknown^ but 
the other 500, which were made of high tensile steel, gnve 
more trouble than the 16.000, so much so that the iirm 
declines to take orders, unless the stren^h is reduced to an 
e-xtent which, in their opinion, will make it reliable. 

Purves has constructed 10.000 ribbed furnaces, which have 
done good service ; and so far as the cold tests are concerned, 
Purves' and Fox's furnaces are of equal strength, and have 
the same constant, but* when under steam. Purves^ is hy far 
the more rigid of the two — in fact, it is simply a plain fur- 
nace with solid rings — and it has been clearly shown froni 
actual test that as the stren^h and stiffness of the ribs, or 
rings, is a constant quantity, their strength decreases materi- 
ally as the thickness of the furnace plates increase. 

In the diseussion on Morrison's paper, the question of high 
and low tensile wa8 one of the principal points of coutentioa, 
but the preponderance of evidence — opinion and esperience 
— was that steel of such high tensile was too hard, and that 
the increased strength under the cold water test was onlv 
obtained at the expense of its ductility'' and reliability under 
steam. 

One of the greatest advantages claimed for the corrugated 

^er the plain surface is that it is sufficiently elastic longi- 
tudinally (and yet not too much so) to take up, provide for, 
and prevent any injiury due to unequal expansion and con- 
traction, caused by the well-known variation of temperature 
in different parts of the furnace. 

The amount of elasticity has, however, until lately, been 
an unknown quantity, but the experiments made by the firm 
of Shulz and Knaudt, of Essen, and carried out at great 
coat, on full-sized furnaces, to ascertain the longitudinaJ 
elasticityj are exceedingly valuable. In Morrison's paper, 
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all the details, ilUistrations, and diagrams are given in full; 
but the following will give a practical idea of the results. 

The testing apparatus consisted of a hydraulic press, io 
which the furnace to be tested was placed horizontally be- 
tween the body of the press and the hydraulic ram; these 
two representing the ends of a boiler. The load was applied 
longitudinally in inerements of ISlbs.^ each increment on 
the pump representing 20- 08 tons on the ram. On the com- 
pletion of each increment, the shortening of the furnace 
was measured, the pressure taken off, and the length again 
measured in order to ascertain the permanent set, if any. 

At intervals^ the pressui'e was allowed to remain for a 
time, then released and again applied; but there was prac- 
tically no difference in the results, if no permanent set had 
taken place. 

The furnaces experimented on were — ^five of the corrugated 
type, one with (two) Adamaon'a rings and one Purves' 
ribbed. All these were made by Shuk and Knandt, with the 
exception of the Purves, which was manufactured by Brown 
and Co., of Sheffield. 

The tensile of four of the corrugated tubes ranged from 21 
to 25-4 tons per square inch. Adamson's rings were about 
the same, but one of the corrugated had a tensile of 29-2 
tons. The tensile of the Purves^ is not given, but was sup- 
posed to be from 26 to 30 tons. 

All the furnaces were TO'SGin. long, and the diameter out- 
side corrugation ranged from 4114in. to 41.45in., and the 
thickness ''S93m., -46^1., ■472in., -SSSin., ^393in., -SSlin., 
and -472111. 

Adamson's rings were 37 ^in, inside and 38'5in. outside 
the plain parts, while Purves' was 37l2in. inside and 38.07 
in. outside. 

For a comparison of resultSj a uniform pressure of 100 
tons was applied to the end of fairnaee. In the corru- 
gated the compressions were in the order of thickness given 
■134ia., 112111., 093in., and 075in., per 36m. of length; ic 
the Adam&on -OSlin,, and in the Purves 0071^1. Furthei 
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e preaaureiS required to shorten these furnaci?s ^V in, (or 
*01325m.) per 36iii. in length would be for the given order 
of thickness 19 27, 24 74, 30-73, and 41 tons respectively. 
The othGr, whose corrugations were very shallow, required 
92 tons. 

Adamson's rings took 145-2 and Purves' ribbed furnace 
300 tone to eumpresa them the same amount — viz., ^^^nd of 
inch. 

Such experiments show that even in the five corrugated 
furnaces the amount of elasticity is veiy small — less, per- 
haps, than was anticipated — but they also conclusively prove 
that the corrugated is by far the most elastic, that Adam- 
sea's rings possess a very fractional quantity, while Purves' 
has practically none at all ^ and this extreme rigidity is very 
much against its giving satisfaction with steel of a high 
tensile strength. 

Wr don't want a furnace material that has to be nursed 
like a sick child, and where the opening of smokebox doors, 
cleaning fires^ sweeping tubes, or banking fires is a source of 
anxiety to the engineer he cannot be everywhere and watch 
everybody; but we want furnaces made of stuff that will 
buckle and bend, that in case of over-heating will stretch 
and come right down on the fire bars ^nthout splitting or 
^eracking^ and after that to be examined, and^ although out 
^Hf shape, to be still sound. 

^B Such a material has been put into many boilers, and can 
^^&e easily supplied; the only difficulty is a competitive and 
commercial one, which has compelled makers to increase the 
tensile against their own experience, but anything short of 
^^le qualities just stated can never be thoroughly reliable, 
^B "We now proceed to consider the rules and formulae which 
apply to the seven different designs, and also give practical 
examples by the Board of Trade and Lloyds' Eules. 

The Board of Trade Rule for plain steel furnaces 

(Figure 5), when the material and workmanship are of 

the highest class, means that, if we want to use the 

ghest constant — viz., 99000, the longitudinal seams must 
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be welded and thoroughly annealed afterwardSj or the 
longitudinal joints either double riveted with single butt 
straps or sing'le riveted with double butt straps, 
all rivet holes drilled m place after bending, the plates 
taken apart afterwards and the *^burr*' on the holes re- 
moved^ and all the holes slightly countersunk from the out- 
side^ besides which the tests of the steel must also be satis- 
factory. 
Rule— 

99000 X Thickness in inches squared 

— — "WT* per sQ, in. 

(length in feet + 1) x (Diameter in inches) 

Example, A furnace 40iu. external diameter, 7ft. long, 

and ^in. thick. Find ita working pressure? 

Here — 

99000 X -52 
— =: 771bs., the working pressure. 

(7 + 1) X 40 

Take the same furnace when the material and workman- 
ship are of the very irorst class, which means that the longi- 
tudinal seams are lapped, single riveted, and not bevelled. 
For such a ease the constant is reduced from 99000 to 66000, 
which is exactly one-third, or 33 per cent, less, consequently 
the working pressure will be reduced in the same proportion 
— 77 -^ 3 ^ 26 and 77 — 26 = Sllbs,, working pressure, or 

66000 X -5^ 

— = 511bs. WP, 

(7 + 1) X 40 

Besides the two constants used in present example, there 
are 13 others which apply to the various classes of work. 
Particulars and details will be found in the Board of Trade 
Rules. 

Respecting the Rule just given, a little reflection will show 
it ean only apply up to a certain point, after which it be- 
comes absurd, and for two reasons: 

1st, — Because we soon reach a thickness, beyond which it 
would not be prudent to go, as any addition would have a 
weakening instead of a strengthening effect^ resulting in the 
fire side of the plates being burnt. 
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2iid. — The same holds with regard to the number of 
strengthening rings that ean. be fitted to any plain furnace. 

The length is measured between the ring centres, and if 
we assume that up to 10 feet the strength is inversely as the 
length, then it is evident that a strengthening ring in the 
centre of a 10 feet furnace would make it twice as strong, 
because it would then be 5 feet long, and whatever working 
j>reasure the 10 feet was entitled to would be doubled ; and if 
divided by rings into lengths of 2^ feet between the centres, 
its strength and working pressure would be quadrupled by 
the first Eide; but if we multiply this last pressure by thtj 
diameter in in, and divide by the thickness in in., we will 
find that the steel would be subjected to a crushing strain, 
far exeeedlng what is allowed, and then the liraiting formula 
would come in to prevent this. 

To illustrate, and leaving out the + 1 for the sake of ex- 
planation, assume a furnace 10 feet long, 40in, in diameter, 
and fin. in thickness. The constant for steel being 99000, we 
have 

99000 X -3753 

= 341bs. the working pressure. 

10 X 40 

and the crushing strain would be very small, viz. ; 

P X D 



In this case 



34x40 
75 



— 18001bs. per sq, in,, 



and if we fit a ring round its centre, the strength wotild be 
doubled; the working pressure would be 681bs., and the 
crushing strain would be in the same ratio, viz., 
1800 X 2 = 3600lbs. per sq. in. 
So far we are all right, because for steel the amount 
allowed is 49501bs. per square inch, which must not be 
exceeded, and here we are still well within it, being 13501ba. 
under the 4950. If we fit two more rings, which would 
divide the furnace into four 2ft, 6in, lengths, then by the 
first rule the working pressure would be quadrupled, aud we 
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would get 34 j< 4 ^ 1361ba. W.P,, but the crushiug strain 
would increase in the aarae ratio^ and we would have 

P X D 136 X 40 
— — — = — = 72531b9. per square inch 

as the crushing strain, which is far in excess of the limit 

allowed ; therefore, in such a case the worMng pressure must 

be determLaed by the ''limitiog formula" which is for steel: 

9900 X Thickness in inches 

= WP. 



Diameter in inches 
Hence we have— 

9900 X -BTSin. 



40 



= 921bs. WP, 



or, what is the same thing, 

4950 X (-376x2) 



40 



= 921bs. WP, 



« 



showing clearly how the limiting formula checks and pre- 
vents all unnecessary increase in the number of strengthen- 
ing rings, because no matter how many are fitted, they get no 
credit if the crushing strain es;ceed^ 49501bs. per square 
inch ; in all such working cases the working pressure is 
determined by the second or limiting rule. 

Let us now see how Lloyds' Bule applies to our 40iii. 
furnace, 7ft. long and Jin. thick. 

For plain fitrnaceSj Lloyds have only two constants, and 

this is probably due to the fact that they will not pass any 

work that is not first class, which of course simplifies this 

particular item:. For Lloyds, the strength of plain furnaces 

to resist the collapse is calculated from the following formula 

when the length of plain cylindrical part of the furnace 

exceeds 120 times the thickneaa of the plate — 

1075200 X T2 
— 3 — — = working pressure per square inch 

Where T ^ thickness of plate in inches 
„ D ^ outside diameter in inches 
,, L ^ length of furnace in feet. 



If strengthening rings are fitted the leugth between the ring 
centres is to be taken. 

Applying this to our exampief we have 

1075200 X '52 

— -^-- = 961bs., the working pressure, 

f X ^AJ 

which is 41bs. more than the Board of Trade. 
I For formula for short furnaces, see Rules. 

I Fig 



Corrugated Furnaces* 



Figure 7 represents Fox's corrugated furuaeet in which 
the depth of corrugations is generally l^in., and the distance 
between the centres of corrugations 6in, 

The Board of Trade, in measuring the furnace, take the 
outside diameter at the bottom of the corrugations. 

The constant 14000 is derived from the actual experiments 
on full sized steel furnaces, which have been tested to de- 
struction, and it provides a fair and reliable margin of safety 
in every case, 

^^ The rule is— 

^b 14000 X T 

^^m — - — ^= Working pressure per sq, in. 



D 



Where C ^= 14000, the strength constant, 
„ T = thickness in inches 
^^ D = outside diameter in inches, measured 
at bottom of corrugations. 

Applying this to a corrugated furnace, whose diameter 

outside corrugations is 42in., the thickness being ^in., we 

have 

14000 X -5 

— = 1661bs. working pressure, 

which would be allowed for steel whose tensile was not less 
than 26 and not more than 30 tons. 
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For Fox's or Morrison'^. 

By Lloyds, the strengrth of steel corrugated furnaces 
whose tensile is from 26 to 30 tons^ the corrugations being 
Gin. apart and l^in. deep, is calculated from the following: — 



1259 X (T 



3j 



D 



Working pressure. 



Where T = thiclmess in sixteenths of an inch 

D ^= outside diameter of corrugations in inches. 
Taking the same furnace as we did for Board of Trade Bule, 
the outside diameter of corrugations would be 45in, 

(8 — 2) 

^^ 167 lbs. working 

4o 



4 



Therefore we have 



pressure. 

In this particular ease there is practically no difference 
between the Board of Trade and Lloyds, as the working 
pressures eome out the same; but if we take a furnace of 
2ft. 6in. inside corrugations^ fin. thick, and calculate the 
W.P. by both rules, we would get results differing materi- 
ally, for the Board of Trade would give ITOlha., whereas 
Lloyds would only allow 1481bs. — a difference of 22lbs. in 
the W.P. 

Again, if we take the same 2ft. 6in, furnace when it is fin. 
thick, and make the same calculation, we will find it comes 
out the other way; for Lloyds would give 2941bs., but the 
Board of Trade only 2801bs.- — a difference of 141bs. 

The diagram Figure 12 shows the peculiar variations in 
the working pressures, and it will be noticed that the thinner 
the plate the greater the difference, which difference lessens 
as the thickness increaseSj until at ^in. it disappears, and 
any increase over the ^iu. brings about the very opposite 
result^ for in a 2ft. 6in. furnace, fin. thick, the Board of 
Trade allow 22lbs. more than Lloyds ; but if the same fur- 
nace be fin. thick, then Lloyds would allow 141b&. more than 
the Board of Trade. 

These variations are due principaUy to the theory of in- 
evitable corrosion, aa previously explained by the introdue- 
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t ion of (T — 2), the effect of whieL is more severe on thin 
than on thick plates. 

That such a difference— or, in fact, any difference — should 
exist is to be regretted^ more especially in such grand experi- 
mentSj where there was nothing emperical or assumptivej so 
far as the basis or foundation they had to work from was 
concerned ; but engineers, like doctors, differ, and there is no 
doubt that both Lloyds and the Board of Trade are quite 
prepared, from their own point of view, to support and 
defend their action, but to practical minds of ordinary per- 
ception, it is questionable if the soundness of the logie uaed 
would be very apparent or of a convincing character j while 
the respective explanations might, or might not, be con- 
ducive to increasing their dignity and influence. 

Figure 8 represents the Purves-Brown steel ribbed fur- 
nace, the rib centres being 9iu, 

The Board of Trade Rule for this furnace is 
14000 X T 



D 

80 that in constant and notation it is exactly the same as 
Fox's. 

Lloyds* Rule for the Purvea steel-ribbed furnace is not 
the same as for Fox's. The constant for Fox's is 1259, but 
for P'orvea^ it is 

1160 X (T — 2) 



D 



W.P. 



and for a furnace 44in. external diameter over, plain part and 

Jin. thick, we would get 

1160 X (8 -- 2) 

^ 1 =^ 1581bg., 



44 
or lib. leas than the Board of Trade. 

Comparing the Fox, Purves, and Morrison furnaces, it 
may be noticed that in the Pox the inner corrugations, which 
are always next the fire, if not kept clean are apt to crack 
and give trouble, that the scale or deposit is more difficult to 
remove, and that a certain percentage of the width of fire- 
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ate is saerifieed, whereas in the Purvcs tlie ribs or rings are 
entirely clear of the fire, the plaiu surface is more easily 
cleaned and more likely to keep clean, and that the effective 
fire-grate is larger for the same diameter of furnace ; while, 
on the other hand, those undoubted advantages are dis- 
counted by the Piirves being of unequal section and excep- 
tionally rigid, and the fact that the strength imparted by 
the ribs decreases considerably as the thickness of the plaiu 
part increases, 

Morrison's claims to be a combination of the two. embody- 
ing all the good and leaving out the bad points which prac- 
tical experience has shown to be necessary, and he describes 
it as follows : — * ' The features retained from the Fox designs 
are : the disposition of the material in a form Avhieh gives the 
greatest resistance to collapse, uniform thickness and uni- 
form strength throughout, distribution of strains uniformly 
hroughout the length of the furnace. 

The features retained from the Purves flue are: the 
strengthening formations are in the water space, and are 
protected from the fire ; there are no narrow cavities for the 
accumulation of scale, and there are equal facilities for seal- 
ing and cleaning/' 

From the results obtained by testing to destruction six 
I full-sized furnaces on his principle, and also from experience 
in actual working. Morrison does not appear to claim too 
much. It is without doubt a great improvement on Fos 
Land Purves, and is rapidly coming into general use. 
^H Figure 9 represents the Holmes' furnace, in which the 
^Torrugatious are not more than IGin. centres, and not less 
than two inches high. 

The Board of Trade gives no rule for this furnace, but 
Lloyds* experiments on full-sized furnaces of this design 
Ited in the following: — 

945 X (T — 2) 

-j ^= Working pressure. 

Where T = thickness in sixteenths of an inch 

D = outside diameter of plaiu part in inches. 
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Comparing this with Lloyds' latest constant allowed for 
the Pox and Morrison — viz., 1259 — we have 

945 



= -75 



1259 

which means that the Holm^' furnace of the same tensile, 
diameter, and thickness is 25 per cent, weaker, which prac- 
tically bars its adoption. 

As in Holmes', the Board of Trade give no rule, hnt 

Lloyds^ experiments bring it out almost the same as Holmes', 

thus — 

912 X (T — 2) 

=- = Working pressure. 

Figure 10 represents Morrison's suspension furnace^ and 
it will be noticed that the curves are easy, but strong, that 
the strengthening ribs or mngs are well clear of the fire, that 
it is of uniform thickness throughout and easily cleaned. 

Figure 11 represents Deighton's furnace, and it will be 
noticed that all the curves are easy and strong. This fur- 
nace has the good points of the ribbed furnace, with th.fi 
advantage of being of uniform thickness. 

The above is a brief description of seven furnaces of 
different design, and all with claims to suitability for the 
present high pressures, but the competition is practically 
confined to four. viz.. Fox, Purves, Morrison and Deightou's. 
and in the present state of our knowledge Morrison and 
Deighton appear to have elfected a good combination, for 
they comply with and provide for the conditions of practical 
working much more than the others, and in that sense 
their furnaces commend themselves as being the most suit- 
able and reliable under steam 



Temperature of Furnace Plates. 



The question of "How thick furnace plates can be safely 
used without the fire side of the plate being burnt" has been 
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often asked, but up to the present never satisfactorily 
answered, neither has the exact difFerenee in temperature 
between the fire and water side of furnace plates been clearly 
determined, but several experiments have been carried oui 
lately by different engineers, and the results are interesting 
and sug'gestive. 

Dr. Kirk made the first effort, a description of which is 
given in Engineeringy 15th July and 9th September, 1892. 
What induced Kirk to go into the matter was that in 
Admiralty boilers great trouble had been experienced 
through leaky tubes, and especially with forced draught, a 
difficulty which in the merchant service is almost unknown 
with natural draught. Yarrow, in his admirable paper *'0n 
the construction of boilers with forced draught/' very 
sensibly suggested that with forced draught leaky tube euda 
in combustion chambers were to a considerable extent caused 
by fitting tube plates of excessive thickness, which allowed 
tube ends and fire side of tube plates to become overheated. 
To confirm this* or otherwisej was the objeet of Kirk's 
experiments. His apparatus was very simple, consisting 
of a wrought iron pot, the bottom of which at the start 
was 2|in, thick, and in the centre of which was fitted a 2^in. 
steel boiler tube. This pot was quite open at the top, and 
the water, of course, boiled and remained at a practically 
constant temperature of 212"^ It was placed, or rather 
built, over an ordinary smith's fire, which was blown by 
two tuyeres, the effect being that the bottom was subjected 
to a temperature in excess of that due to a forced draught. 

The temperature difference between the fire and water side 
of bottom was ascertained by means of fusible plugs, which 
were hammered into holes drilled on the fire side, while the 
thickness of bottom was reduced by turning so much off for 
each experiment. The thicknesses tried were as follows: — 
2fin., l|in., IJin., lin., fin., fin., and Jin. 

' The results wiD be understood by referring to Figure 13, 
which represents Kirk's diagram. The base line gives the 
thickness of tube plate at each experiment, while the vertical 
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lines are the correspouding temperatares of the tube end on 
the ^e side, the water side in every case being at 212°, 
The highest and lowest possible temperatures are marked 
by small circles, and the curve drawn ia the mean. 

Wiere the thickness is greatest, the spots are a long way 
apart; but when we come to practical thickness (Jin., fin., 
and Jin.) , the curve and the spots are reasonably close. But 
such results cannot be taken as conclusive, because they are 
made under conditions widely different from actual working; 
and in determining the difference of temperature by means 
of fusible plugs, such results must always be uncertain. 
"What they do show is that the thicker the plate the greater 
the temperature difference between the fire and water sides, 
and the results suggest that fin. is the maximum thickness 
for tube plates* and that if they were reduced to ^in, we 
should have very little trouble with leaky tubes, provided 
the internal surfaces were thoroughly clean. 

Mr. Blechynden made some experiments somewhat similar 
to those described, but his results differ very materially from 
Kirk'Sj the difference in temperature between the fire and 
water sides of plates being much less, the discrepancies show- 
ing that this important point is still in its experimental 
stage, and that we must wait for more definite information. 

What concerns xm most is to realize the absolute necessity 
of keeping the internal surfaces clean, and to remember that 
a very thin coating of oil or grease ^vill allow plates, and 
especially in furnaces, to become overheated. In support of 
this it may be desirable to refer to a particular experiment 
of Professor Lewis's, in which he burnt a hole with the 
assistance of a blow-pipe through a small iron pot filled 
with water, but which had a layer of oily deposit g^in. 
thick on the water side, whilst another similar pot with no 
deposit was entirely unaffected. 

Again, Mr. Morrison has made some more recent experi- 
ments of a practical character, which he describes as 
follows : — 

To determine the temperature of furnace plates, he 
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placed a vessel ISin, in diameter over a specially made 
furnace, the temperature of which waa 2000"^. The bottom 
of the vessel waa a ste«l plate fin. thick, and the temperature 
of this plate Jin. from the fire side was 290° with a clean 
plate; but it wag 400° with w^m. of cleauj hard scale, and 
when this scale was painted over with a coating of cylinder 
oil making the thickness ^iu., the temperature of the plate 
rose to 650='/' 

These results have been confirmed in a paper by A. J. 
Durston, Engineer-in-Chief H,M. Navy, and read before tha 
Institntion of Naval Architects. 

**In an open vessel having a bottom Jin, thick, placed over 
a furnace having a temperature of 2200*, the temperature 
of the fire side of the plate when clean was 280^ ; but with 
yV in- of greasy scale it increased to 550°, In another ex- 
periment with a closed vessel fin, thick and llOlbs. steam 
pressure, the temperature on the fire side, with clean sur- 
faces and clean water, was 430° ; but w^th j^in, greasy de- 
posit it rose to 550°, and using more grease the temperature 
registered was 617^/' 

Such results, although not conclusive, are valuable, and 
should impress upon all the importance of purifying the feed 
water and extracting the deposit dirt and grease before 
discharging it into the water space. It has taken a long time 
to realise the absolute necessity of doing this, but of late 
meehanieal filters for this special purpose, which are coming 
into general use» are turning out to be fairly effective, and 
no doubt such appliances will be considerably improved. 

Reflecting upon the above, practical questions naturally 
present themselves, and the meehanieal engineer would likely 
say to himself f '*WeIl, if with such a thin coating of oil or 
grease the temperature difference between the fire and water 
sides is so great^ at what temperature would such plates 
become overheated? And what about the internal strains 
set up through the particles of the steel being so much 
hotter on the one side than on the other? Under such condi- 
tions the furnace plates would be verv much in the same 



6a 



p 



state as a high-pressure piston-rod that got blazing hot oil 
one side only, and whieh through unequal expansion would 
probably bend," etc. 

Definite answers to sueh inquiries are as yet not forth- 
coming. But what has been done must and will form & 
strong incentive towards recognising the supreme importance 
of keeping the internal surfaces of high^pressnre boilers, and 
especially furnace plates and parts exposed to the impact of 
flame, perfectly clean, for then we know that the tempera- 
ture difference is redueed to a minimum. 

Kesp&etiog the effect of temperature on mild steel when 
exposed to tension, the exhaustive experiments carried out 
by the United States Grovernment are inKtnujtive. 

Briefiy expressed, it was found that, from 32^ up to about 
300°, the strength decreased, but, above that, increased until 
its maximum was reached at from 400*^ to 600°. beyond 
which its strength decreased rapidly. Also that its elastic 
limit, from 32° to 600°, decreased throughoiit; at zero it was 
350001bs., while at 600^ it was only SOOOOlbs. per square 
inch. 

With thin plates (from Jin, to fin.) and ISO lbs. of steam 
pressure, the temperature approaches the brittle temperature 
of steel. Hence the necessity of employing a material of low 
tensile, because the experiments went to show that the lower 
carbon steels retain their maximnm strength and ductility 
over a greater range of temperature than those of high 
tensile strength. But it should be remembered that although 
there may be material difference between the fire and water 
side of furnace plates, still the mean temperature throughout 
the entire section of the plate will be considerably less, 
although what that mean is at present is more or less 
assumptive. 

Red-Hot Furnace Crowns. 



What is the proper thing to do if by any mischance the 
furnace crowns become overheated? 

To sueh a question at least ninety per cent, of those 
responsible for or in charge of boilers would probably 
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answer— ^' Ease the safety valves and draw fires; but on no 
account or under any eircumstanees is the cold *feed* water 
to be discharged or eome in contact with the overheated 
plates, because in such a case the amount of steam that 
would be instantaneously generated would be so great that 
the whole structure would explode. ' * 

This is the * ' bo*ey ' '— the "Will o' the Wisp " theory, that 
teachers and test books have drilled into us for so many 
yearSj and many of our best men, such as Seott, Russell, 
Maudsley, and Field, Parker, and even Professor Tyndall 
himself, have endorsed it In almost all inquiries into 
mysierious boiler explosions the scientific evidence invari- 
ably tended towards supporting this doctrine — usually ex- 
pressed somewhat as follows : — ^ ' That although in some cases 
and under ordinary conditions the simple force of the 
steam might rend a boiler, still that alone would not explain 
or account for the lifting and projection of a boiler from 
its seat, or for one half being hurled 100 yards, while the 
other remained in its original position, etc.; also, that such 
explosions are due to a force momentary in its nature, tear- 
iug the boiler plates at the instant of its generation, and be- 
fore there was time for its transmission to the safetj^ valves, 
and that the existence of a force of this nature, sudden in 
its action, instantaneous in its duration, had been firmly 
established in many minds, and that a force different in ft^rm 
and greater than the simple pressure of the steam was the 
principal agent. Therefore the argument was that the in- 
troduction of cold water on red hot plates meant the in- 
stantaneous generation of steam of such volume and pressure 
that no number of safety valves eonld prevent the bursting 
of the boiler/* etc, etc. 

That such a doctrine has been received^ accepted, and 
adopted without question is probably due to the difficulty of 
disproving it^ which could only be done by actual tests under 
steam. Such tests, according to the above notions, would be 
not only costly hut difficult and dangerous. A little common- 
sense reflection^ assisted by increased knowledge and experi- 
ence, generated and developed by a spirit of scepticism, 
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resulted in the belief that what had been laid dovm as gospel 
regarding this sudden mysteriou& force was. after all, mere 
assertion, expression of opinion, and assumption, without the 
slightest tangible logic or evidence to support such state- 
ments. 

The credit of exposing this fallacy ie entirely due to the 
spirited enterprise of the Manchester Steam Users' Ass-ocia- 
tion, whoj under gn-at difficulties and at great expense, 
carried out a series of experiments, resulting, not in the 
explosion of the boiler, bvit in the complete explosion of the 
theory: because they proved that the showering of cold 
water on red-hot furnaee crowns did not, and cannot^ 
generate this mysterious sudden and uncontrollable force. 
Therefore thia *' bogey'* is, to all intents and purposes, dead 
and buried. 

The experiments were carried out under the supervision 
of Lavington Fletcher, the well-known engineer, and his 
-report, giving a most graphic deseription and all details, 
will be found to be most interesting and instructive reading. 
{Be& EngineBring, January, February and Iilarch, 1891.) 

The tests were carried out on an ordinary Lancashire 
boiler, with the special object of aaeertaining the effect 
of showering cold water on red-hot furnace crowns. 

Boiler w^as 27 feet long, 7 feet in diameter, having two 
36in. plain furnaces running through it, and without any 
Galloway tubes. Both shell and furnaces were xVin, thiek^ 
the total grate surface in both fxirnaces being about 36 
square feet. It had the usual fittings and two safety valves, 
one 3in. and the other 4in. in diameter. The feed pipes were 
placed about 6in. above the crowns, and were carried along 
the whole length of fire bars, about 6ft. 6iu., and arranged in 
such a manner (being perforated with holes) as to dis- 
charge the cold water directly on the exposed surface of the 
red-hot plates. The amount of water capable of being 
pumped as feed was 5| cubic feet per minute, a quantity 
suflfieient for at least four boilers of this class, under ordin- 
ary working conditions, aa they were anxious to make the 
tests under the worst possible circumatanees. 
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The first experiment (consisted in blowing the water down 
to a point 16 iuclies below the crowns, one of the safety 
valves being seated and the other propped open, with 61bs, 
of steam on the giiage. When the plates became red hot the 
cold feed was turned full on, and the pressure rose from 
6 to 121bs. in llj minutes. 

This experiment was repeated with both aafety valvos 
seated^ and in J of a niinute the pressure rose from 6 to 
27Ibs., but afterwards gradually feU to 61bs. This was with 
a good clear fire. Tin. thiek, and damper full open, the feed 
being discharged full bore, at the rate of 342 gallons per 
minute. The safety valves were loaded to SOlba. per sq, in., 
but even under such extraordinaiy conditions the steam only 
rose 21lbs., a force totally inauffleient to even lift the safety 
valve. 

Several other experiments followed, but instead of blowing 
the water out it was allowed to evaporate by shutting off the 
feed. In every ease the subsequent experiments more 
than confirmed the first, for \vhen the feed was turned on 
the increase waa very fractional, and in some thii pressure 
actually felL 

Generally the experiments clearly proved that it is im- 
possible for any large quantity of steam to be suddenly 
generated by showering cold water on red-hot plates, under 
even such severe and exceptional conditions, and far more 
so under the ordinary method of introducing the feed. 

Although such experiments effectually dispose of the 
theory so long and so pt^rsistently taught, the question still 
arises as to whether it would be wise or prudent in all cases 
to turn the cold feed on when a boiler is short of water. 
The answer to such a question requires both consideration 
and caution. 

As the experiments showed that when both aafety valves 
wore open the introduction of cold feed resulted ra a fall 
instead of a rise in pressure, we might reasonably argue 
that in some eases where shortness of water takes place, with 
the engines running^ a man would be quite justified in 
turning on the cold feed, provided he in every such case 
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eased kis safety valves firsts for then the alight increase of 
pressure due to the cold water an the overheated plates 
would scarcely affect the steam gauge, but would be dis- 
charged through the safety valves. Under suck ciremn- 
stances turning on the feed would be the best thing to do, 
and would very probably bring the water to its proper 
level, cool the plates, and prevent any ejcplosion, besides 
giving the fireman more time and more confldenee in draw- 
ing fires. 

It, however, becomes a very different matter if shortness 
of water takes place when the engines are standing, becauae 
the experiments demonstrated (but under moat exceptional 
eonditiona) that the showering of cold feed on red-hot plates 
raised the steam from 6 to 27lbs. in f of a minute, and it is 
quite possible that this sudden extra pressure, added to that 
oa the steam gauge, might just turn the scale on the already 
overheated and weakened plates, and bring the crowns down. 

On the other hand, it must be remembered that in the 
particular experiment where the pressure rose 21Ibs. both 
safety valves were closed, and I am inclined to think that 
even under such circumstances there would be comparatively 
little danger in turning on the cold feed, provided the 
engineer or fireman thoroughly eased the safety valve first. 

This view is suggested and supported by the fact that, in the 
experimental boiler, the feed was purposely arranged so as 
to discharge direct on the whole of the exposed surface, and 
in such quantity and direction as could not possibly occur in 
ordinary working; and if, as previously stated, the safety 
valves were well eased before opening the feed valves, it is 
very probable there would be very little, if any, increase of 
pressure. 

In summing up his able report^ Fletcher is evidently of 
opinion that, in the majority of cases, turning on the cold 
feed would be the best thing to do; but he very properly 
qualifies that opinion by pointing out *'that the results of 
the experiTnents, though of great value, are not conclusive 
enough to justify a hard and fast rule being laid down, 
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certainly not one that could be absolutely adopted under all 
eircumatanees without consideration or discretion." 

In Lancashire boilers and in others of similar design to 
the experimental boiler described — that is, where the fiues 
are plain, made in contiimaus rings, lap-jointed, aingle- 
riveted^ of good material, with all holes drilled in place, etc. 
— the rules for finding the working pressure on such fur- 
naces differ considerably from those used in marine boilers, 
and there is also a material variation in the value of the 
constants used. To give such rules or compare them would 
only result in conftision ; hence, the desirability of selecting 
one thoroughly reliable rule, and which has been deduced 
from modern practice. 

Longridge's Rule for plain long and short lap-riveted 
flues is about the best, being recognised as a standard, and 
is as follows : — 

CxT2 

= P, 

B x^/h 

Where P = working pressure in lbs. per sq. in. 

„ T ^ thickness in sixteenths of an inch, 

„ D = diameter (outside) in inches, 

„ L ^ length in feet, 

„ C =^ 200, the constant. 

Example. — Take a furnace 36in. outside diam^eter, 25 

feet long, and ^in. thick. At what pressure would we 

work it? 

^ 200 X 82 

Here we have -— -^= Tllbs. working pressure. 

If this furnace were 16 feet long, instead of 25, 

200 X 82 

90lbs. working pressure; 



we would have ^-; : — - 

36 X V 16 

and if it were 12ft. 6 in, long, 
200 X 83 



we would have 



= lOllbs. working pressure; 



36 X V 12-5 

which show^s clearly in what ratio (according to modern 
practice) the strength decreases as the length increases. 
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Strength of a Sphere. 

What is the difference between a cube and a sphere of tlie 
same diameter? 

If we take a cube whose diameter is unity, or one (such as 
one inch or one foot), put it into the lathe and turn it into a 
sphere, when finished it will be the same diameter as the 
cube, but not tlie same capacity or volume. How much have 
we turned off? Kearly one half. The material in tlie cube 
was 1, but the amount left is only 5236 j so that the 
difference between a cube and a sphere of the same diameter 
ia as 1 to '5236. ThereforCj if we want to find the capacity 
of any ball or sphere^ we simply cube the diameter aad 
multiply by 5236.' for example a 12in, cube would contain 
12 X 12 X 12 ^^ 1728 cubic inches; but a sphere of the 
same diameter would only contain 12 x 12 x 12 x -5236 ^ 
904 78 cubic inch^. 

Spherical vessels are the beat of all forms for resisting 
internal pressure^ and also for containing the greatest 
volume within a given amount of surface, from which it 
follows that the steam pressure always has a tendency to 
make any containing surface assume a spherical form. 

If we investigate the internal force tending to burst a 
sphere we will find by similar reasoning employed in find- 
ing the burBting strain of shells that it would rupture 
through the longest line we could draw through it, which, of 
course, would be its diameter, and therefore the area of its 
diameter in square inches x the pressure in lbs. per square 
inch would = total force of the steam. 

The ''formula" is exactly the same as that used for 
transverse strain in shells, viz.; (same notation). 

^ total force of the steam, 

4 

or what is more usual and the same thing- 
Area in sq. in. x pressure ^ total force of the steam. 
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Take an example: A spherieal ended iron steam dome is 
coin, internal diameter, and the steam pressure is 80Ibs. 
per sq, in. Find the force tending to burst it T 

By the first we have 

80 X 602 ^ 31416 
—-— — — = 22€1951bs. the force. 



equal in this ease to 100 tons. 

By the second we get the same 
2261951ba. the force. 



80 X 60* X -7854 



This force is resisted by the tensile strength of the iron, 
and ita amount ia equal to the eireumference of the sphere x 
its thickness, and when the force of the steam and the 
streng:th of the iron are equal we have the same expression 
as for transverse strain in shellSj vi^. : 

P X D" X TT 

=t TT X T X S 



And T 



D 



4 X S 

Therefore a sphere is twice as strong as a cylinder of the 
same diameter and thickness is longitudinally. 

The relative strengths of ti sphere and a cylinder will be 
clearly seen from the following comparison : — 

Take a sphere whose diameter ia unity, or one, and whose 
eircumferenee will, of course, be 3- 1416, its area being of 
necessity -7854- Take a cylinder of the same diameter and 
aeetional area; it must be -7854 long. 

Taking the material in the eylinderj we have the sum of 
the two sides, viz., -7854 x 2 ^ 1-5078; but the material in 
the sphere is 3.1416 x 1 =^ 3 1416, just twice as much. 

From what has been said it is plain that in setting out 
steam domes or cambered ends, if we have a radius equal to 
the boiler barrel, the ends will be as strong as the shell 
longitudinally, and the camber will form portion of a circle 
whose diameter is double that of the boiler shell 
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Flat Surfaces, 



We now eome to consider how flat surfaces should be 
treated, as seen ia the steam and water spaeeSj eombustioa 
chambers, flat ends, ete. 

The theoretical investigationa of scientific men in connec- 
tion with the strength and stiffness of plain flat surfaces are 
largely assumptive, besides being extremely eomplicated, 
and the *' formula*' given by Rankine and others for the 
strength of a flat, cireniar plate supported all round the 
edge (that is, throughout its entire eircuraference) is never 
used in practice. 

When flat surfaces are under steam pressure they are sub- 
jected to bending and buckling strains, and to ensure them 
retaining their original form we support them with stays. 
Fire boxes and water spaces are usually secured by stays 
screwed into both plates, and either riveted over with a 
bat-head or fitted with nuts on one or both sides; while 
steam spaces are supported by long iron or steel rods 
having screwed ends, with nuts and washers or double plates 
on one side or both. Sometimes, but not often, stays forged 
with T pabus riveted between double angle- irons are fitted j 
while some prefer gusset stays riveted in double shear to 
shell and end plates. 

Steam and water space staying is always (where practic- 
able) set off in squares, and in all such^ each stay has to bear 
a strain equal to the area supported in square inches multi- 
plied by the boiler pressure in lbs. — that is, the pitch- x 
boiler pressure =^ strain on each stay. If the steam spaces 
are stayed by gussets or diagonal stays, then each stay has 
to bear a stress equal to the pressure exerted on a sector 
of the circular area^ and the resultant tension is greater 
than nn a direct longitudinal stay, because the strain in the 
former has to be transmitted at an angle while in the latter 
it is straight and direct. If, therefore, we fit diagonal stays, 
we must remember and apply the following rule : — 

"The tension on a diagonal stay is equal to the tension 
which a stay placed perpendicular to the fiat surface would 
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sustain, divided by the eoaine of the angle which the 
diagonal stay makes with a perpendicular to the supported 
surface — or, to put it shortly, the surface supported in 
sq. in. X pressure in lbs. ^- cosine of the angle, equals the 
straiD on diagonal sta}'. For example, a^ume we have to 
support 90 square inehes. with lOOlbs. of steam per sq. in., 
then the strain would be 90001bs. for a longitudinal stay; 
but if instead we fix a diagonal bolt-stay at an angle of 60^, 
we must divide the 90001bs. by the cosine of this angle, and 
as the cosine of 60° is -5, we have 9000 -t- ^5 = 18000, just 
double the strain of a direct stay." 

(The cosine of an angle is found by dividing the base by 
the hypothenuse, and must, of eourse, be always less than 

1.) 

The rule for gusset stays is different, and more simply 
expressed. It is as follows : — 

Area supported in sq. in. x boiler pressure 

Depth of web at narrowest part x thickness of web in in. 
= working stress per sq. in. 

Example. — The working stress on a gusset stay is not to 

exceed 7000. It has to support 420 square inches of surface, 

and the boiler pressure is lOOlbs. If we make it Jin, thick 

and 12in. deep at the narrowest part of web. will it be 

strong enough? 

420 X 100 
H^^ T^ ^^ TOOOlbs., so that this stay complies 

with the requirements. 

In proportioning the staying of ilat surfaces it is usual to 
neglect the rigidity of the plates to be stayed, and it is 
always assumed that each stay sustains the pressure on the 
area due to the square of the pitch, and when well fitted 
this is the actual strain ; bnt in steam spaces, where portable 
stays are fixed with pin oi- other joints, they cannot be 
depended upon for an equal distribution of strain. | 

Such stays should never be used unless absolutely neces- 
sary, and, w^hen they are, special care should be taken to see 
that the single and double eyes are truly bored out in t 



: 
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machine, and the pins turned with as much care and 
accuracy as a piece of engine work, thereby ensuring that 
each one will do its fair share of the work. 

The flat surfaces between the stays when under pressure 
are considered to be in the same condition as a continuous 
girder or beam, uniformly loaded, fixed at the ends, and 
supported at the points of attachment of the stays. The 
tendency of the pressure^ if the material is deficient in 
strength or stiffness is to split up the plate between the stays. 

According to the laws which govern beams (and which 
will be referred to further on), the strength of fiat plates to 
resist bending is directly proportional to the square of the 
thickness, and inversely as the square of the pitch — that isj if 
the stays are pitched 4in. each one has to support 16 square 
inches; but if we double the pitch, and make the pitch Sin., 
then each stay has to sustain the pressure exerted on 64 
square inches (just four times as much), so that in the latter 
ease each stay must be made four times stronger than in 
that having a 4in. pitch. 

The same holds good for the plate's thickness, but in a 
different way, and for a different reason. If we want to find 
the working pressure for a plate ^in. thick, where the stays 
are pitched lOin. centres, and if the strength constant (de- 
duced from actual experiment) is 100 for screw stays with 
bat-heads, then we have the rule (Lloyds') : — 

C X T- 
___ — _ = greatest working stress allowed per sq. in. on stay 

b Where C = 100, 

„ T ^ thickness in 16ths, 
„ P = pitch in inches : 
100 X 8- 6400 
Therefore - _„ = — ^= 641bs. W.P. 



102 100 

If. however, we double the plate thickness and make it lin. 
100 X 16^ 25600 



thick, we would have 



256lbs. work- 



10^ 100 

ing pressure, four times greater than when the plate was 
Jin. thick. 
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By doubling the thickness we not only double the amount 
of material, but we also double the resisting leverage of the 
plate, and that is the reason why the strengi:li and stiffness 
varies directly as the square of the thieknea"? ;— or. what is 
the same thing, if we consider it aa a beam fixed at both 
ends and uniformly loaded, we might say that its strength 
varies directly as the square of the depth of the beam, which 
in this case is lin, 

pressure x pitch- 



When the 



strength of the iron x 



thickness^, then the strain and the strength are equal, and 
the slightest increase of pressure would rupture the plate- 
but we always arrange the material bo that it is at least five 
times stronger than the strength it has to bear, so that the 
strength is to the strain as 5 is to 1. 

The rules which govern the working pressure allowed on 
fiat sTirfaces have to a very great extent been deduced from 
actual experiments carried out on full-sized plates and stays, 
eveiy care being taken to have all the conditions exactly the 
same as in actual working, excepting, of course, the impact 
of heat and flame, etc. The results obtained are exceedingly 
valuable, thoroughly reliable^ and the strength '^constants" 
can be used with all confidence. 

The Board of Trade has at least ten (10) different 
"strength constants." to suit the different classes of work, 
and they range (for iron) from 192 do^vn to 36, so that the 
working' pressure must vary in the above proportion. For 
steel plates the number is about the same^ the highest being 
240 and the lowest 39-6, 

The Board of Trade formula for flat surfaces is as fol- 
lows : — 

C X (T -H 1)2 

T — workup g pressure. 

S — 6 

Where T = thickness of plates in 16ths. 

9 ^= surface supported in square inches, 
C ^ "constant" as per class of work. 
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Example.— If iron stays are piti^hed 9m, and the platea 
are Jin, thick, find the working pressure when the plates are 
not exposed to the impact of heat or flame, and the stays 
fitted with nuts only? Referring to the Board of Trade 
Eules we find that the ''constant" for sueh conditions is 90, 
Therefore we have 

90 X (8 + 1)3 7290 

^ = =^ 971bs. W.R 

81 — 6 75 

Had the plates been of steel the *' constant** is increased 
from 90 to 112-5, so that the working pressure would be 
greater in proportion. 

Lloyds^ Rules for flat surfaces embraee about the same 
number of *' constants " for iron as steel, but both formula 
and notation are different^ which is to be regretted, as there 
is no material difference in the working pressure allowed. 
Lloyds' Rule is of a more practical nature than the Board 
of Trade's, At all events, it commends itself as being more 
easily understood, and consequently will be better appreci- 
ated, It is as follows: — 

C X T- 

— — — =^ working pressure in lbs. per sq. in. 

Where T =^ thickness of plate in 16ths 
P = greatest pitch in inches 
C ^= '* constant" as per class of work. 

It is somewhat difficult to compare the respective values of 
the Rules given for Hat surfaces by the Board of Trade and 
LloydSf because the conditions governing the *' constants'* 
are certainly not in harmony ; but taking the same example 
' — 9in. pitch and Jin. plates, with the stays screwed and 
fitted with nuts only — we find the *^ strength constant" is 
120. Therefore 

120 X 82 120 X 64 

— -g^ = gj^ = ^51bs, per sq. in., 

the working pressure, a difference of only 21b9. 

Respecting direct iron stays for flat surfaces, the maxi- 
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mum stress allowed on iron per square inch of sectional area 

is TOOOlbs., and 90001bB. for steel; but only under certain 

conditions. If the stays are welded or worked in the fire, or 

if the ends are jumped up, the allowance is reduced to 

SOOOlbs, per square inch of net section, while the diameter of 

all sncli stays is always measured from the bott.om of the 

thread. 

The size of stays, etc., is found by the following:— 

Surface in sq. in. x pressure in sq. in, 

' : — : = area of stay in aq. in. 

Stress m lbs, per sq. in. 



V Area in sq, in. 



■7854 
Stress in lbs. per sq. in. x area 



= diameter in in, at bottom of thread. 



Pressure in sq. in. 
Surface supported in sq. in. >: pressure 



surface supported in sq. in. 



Stress in 



Area in sq. in, 
1. per sq. in. x area in sq. in. 



stress in lbs. 



= boiler pressure. 



Surface supported 

When a stay is attached by bolts or rivets, the total area 
of such bolts or rivets should exceed the area of the stay, smd 
when the bolts and rivets are in single shear their area 
should not be less than 20 per cent, more than the stayj but 
if in double shear their collective area may be 25 per cent. 
less than the stay, and if the stay is welded the 20 per cent. 
should be reduced to 10, and the 25 per cent, increased to 
30 per cent. 

Generally all stays should be well fitted and carefully 
tightened, the workman making a special point of satisfying 
himself that evei'y stay takes its fair share of the strain. 
When diagonal stays are fitted the palms should always be 
forged out of the solid, all holes drilled, bolts turned, and 
the rivet or bolt area in excess of the stay. If gussets are 
fitted, their sectional area should be considerably in excess 
of that required for diagonal stays, as their desi^ is 
weaker, the greatest strain being on the bottom edge. 
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All gnssets should be of exceptionally good material, and 
the rivets always in double shear; the collective rivet area 20 
per cent, more than in a diagonal stay in single shear, 
but 25 pep cent, less than the area required for a 
diagonal stay if in double shear. Sometimes gussets are 
fitted rough off the punching or shearing machine. This 
should always be planed off, to insure the removal of any 
injury to the material through punching or shearing. 

As a fair approsimatiou, the ultimate strength or break- 
ing strain of stays which will give a good elongation and 
contraction of area may be set down as follows : — 
Copperstays^l5tong,or336001bs.per sq. in. of sectional area 
Iron stays ^ 23 tons, or 51520lba. per sq. in. of sectional area 
Steel stays^28 tons, or 627201bs.per sq.in.of sectional area. 

Another point to which special attention should be 
directed is the mistaken idea that in water spaces if the stays 
are screwed into both plates, and riveted over with a bat- 
head, it is as good as if the stays were fitted with nuts. A 
little reflection will show the fallacy of this, because if the 
stays are, say, liin. in diameter and the plate fin. thick, it 
practically amounts to making l:Jin, bolts with nuts fin, 
thick; whereas to make the two proportional the depth of 
the nut should be equal to the diameter of the stay. In 
single-ended boilers it sometimes happens, but not often, that 
in staying the back combustion chamber plates to the back 
end plate nuts are only required on the fire side, as the end 
plates are so much thicker, but with the present pressure 
this is seldom or never done< In all such staying it is not 
necessarj" to make the depth of the nut equal to the diameter 
of the bolt, because the thickness of the screwed plate prac- 
tically represents so much thickness of nut— that is, if the 
stays are l^in. and the plate Jin. ^ the nuts may be 1^ less 
I, which would make them J thick, 

Kespecting the screw threads, the holding power of the 
stay is reduced in proportion to the depth of the thread. 
The angle of "Whitworth^s thread is 55°, with Jth rounded 
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off top aod bottom, and the following table gives the red} 
tion in diameter due to the depth of threads 

12 threads per inch reduces diameter 

AX tf I] *i 



a066 
1163 
^28 
1422 
16 

^828 
2133 
■256 
2844 
■32 
■3657 
•4037 
■4266 
■4452 
■4654 
■4875 
512 
64 

Prom the above will be seen the necessity of always 
measuring aerewed bolts and stays at the bottom of the 
thread. For instance, take a 3in. steam spaee stay; screwed 
4 threads per inch, the diameter would be reduced ■32iik., 
making it 2 68in. The area of a 3in. bar is 7 square 
inches, and, if of steel, its breaking strain would be 7 x 63000 
=^ 4410001bs. The area of a 2-68in. bar = 5'6 square 
inches, the breaking strain of which is 5-6 x 63000 ^ 352800. 
8 reduction in strength of 882001bg. 

To find the amount of holding surface in the screwed end 
of a stay bolt we measure across the bottom of thread, to 
which we add half the depth of thread, which gives us the 
mean diameter. Then 3 1416 x mean diameter x number 
of threads in nut x depth of thread gives the total holding 
surface in square inches. 

Assuming depth of nut and diameter of bolt to be 
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same, and the screw a good fit, then, screwed end, nut, and 
body of stay are well proportioned for their work. 

To show the material increase of strength by fitting nuta 
instead of bat-heads, it is desirable to refer to some valuable 
experiments made xinder the supervision of the Board of 
Trade for the special purpose of ascertaining the actual 
resiatanee of steel plates to water pressure when supported 
by stays, as in the flat surface of boilers. The stays were in 
some cases screwed through both plates and riveted over, 
and in others screwed through both plates and fitted with 
nuts on both aides. 

The thickness of the experimental plates were y'rln, rVin,, 
and Tfl-in.f and all the stays were screwed 10 threads to the 
inch. Experimental boxes were eonstructed for each of 
the above thicknesses; all plates and stays of steel. They 
(the boxes) were 56Mn. square from centre to centre of 
rivets, and in each were fitted 16 stays set off in squares, 
and pitched llxV in. centres. 

f This mimber of stays was selected in order to ensure that, 
except as regards the influence of heat, the test should be as 
nearly as possible in accordaece with ordinary worldng con- 
ditions. Hitherto such experiments have been carried out 
with a comparatively small number of stays, where it was 
found that a certain amount of support was given to the 
plate by the sides of the box giving a higher pressure than in 
the combustion chamber of a boiler, where the plates are 
supported by a large number of stays. In this case of the 
16 stays, the 4 central ones were certainly quite free from 
any aide influence, and the experiments proved them to have 
been more severely strained than any of the others, With- 
out going into the details of the tests, it will be sufficient for 
the present purpose to take the ^in. plates, as fitted with 
bats and nuts. As before stated, the pitch was 11^5 in., 
and the stays l^in, diameter. In the box with bat-heads, 
when the pressure got up to 2501bs. per square inch, the 
riveted bats showed signs of giving way in the central space 
at isj the four stays furthest away from the edge), and 
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at 2801bs, the bats flew off and the stays drew through the 
plate. In another box exactly similar^ excepting' that the 
stays were fitted with nuts, a very different result was 
obtained. The pre-ssiire was raised to 700!ba. per square 
inch, when the box failed by the plate cracking suddenly 
in four places with a aharp report. 

The average results of the experiments may be condensed 
and put as follows: — 

-jirin. plateSj with bat heads, gave way at 1851bs. per sq, in. 
-nrin. ^^ „ jj j, j, 2801ba. „ 

T^in. ,, „ ,, „ „ 4501ba. „ 

while the increased strength for nuts was for 

xViit. plateBj fitted with nuts, gave way at 4501bB. per eq* in 
^in, „ „ „ „ „ 700lbs. „ 



Ain. 



The relative bursting pressures might be expressed thus: 

(iirin, plates) y^=2'4 times stronger with nuts than with 

hats. 

(xfi^- plates) ^Tj7i~ 2-5 times stronger with nuts than with 
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bats. 



980. 
45o" 



("nri^- plates) j^— 2'2 times stronger with nuts than with 
bats. 



These figures prove conclusively the large 'increase of 
resisting power due to the fitting of nuts. It should, how- 
ever, be noted that in the experimental boxes where the 
stays were fitted with nuts the stays were larger and the 
nuts deeper than would be required in praetieej the objeet 
being to ensure that the plates must give way fi.rat, so that 
their actual strength and stiffness could be ascertained. The 
bulging of the plates was accurately measured, and although 
the actual bursting pressures are high, still it was proved 
that considerable stretching at the stay holes took place 
long before the plate cracked. It is, therefore, very evident 
that, in deciding upon the working pressure for such flat 
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surfaces, it is necessary to consider at what pressure the 
stay holes begin to stretch, aad in the rules given ample 
provision is made for this. 

Strength of Bolts and Nuts, 

A very natural question in connection with this subject 
wonld be this: Suppose we screw the end of a lin. bolt, does 
the cutting of the thread affect its strength? — that is, 
would it be as strong as a plain bolt of the same sectional 
area? The experimental data on this point is rather 
limited, but the following is both interesting and instructive, 

Mr. Brunei tested the tensile strength of screwed bolts 
and nuts made of Shropshire iron, the bolts ranging from 
fin, to l^in. in diameter. The stress was applied between 
the head and the rnit, the distance between them being 16in. 

The length of the screwed part was 3Jin. In most of the 
tests the bolt snapped at the bottom at the screw^ed part. 
To find to what extent the screwing of a bolt or stay reduces 
its tensile strength, four IJin. bolts and nuts were tested, 
on which the screwed part was enlarged to l|in. in diameter. 
All the bolts gave way in the shank, the average breaking 
weight being 25-2 tons per square ineh^ showing an in- 
creased strength of 2-2 tons per square inch as compared 
with the plain parallel l^in. screwed end, which would 
have 7 threads per inch. From the tests we may infer that 
the strength of the IJin. bolts is reduced 2-2 tons, or 8 per 
cent., by screwing. The following giv^ the results nf the 
experiments ; — 









Diameter of Bolta 


Breaking' Wej§rbt 


'Breaking Weight in 


in inchtB, 


Eb t'OtLB^ 


touB per bq.iuch. 


1 


loi 


32 


J 


12 


27 




15} 


26 


1 


20 


25 
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21 


21 
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20 
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Respecting the nuts, thf>se lin, deep (or tV^s of the 
diameter) stood well; when Jin. deep (or iirtlis of the 
diameter) the thread stripped i and when Jin, deep (ori-'^^ths 
of the diameter) thread also stripped. For ordinary practice 
a depth of nut |ths of the diameter has been found to be 
sufficient ; but to make sure and allow for contingencies the 
depth should not be leas than the diameter of the bolt ; and. 
in the case of cylinder covers, etc., where the nuts are often 
unscrewed, they should be even deeper than the diameter of 
the studs or bolts. 



Combustion Chamber Girders. 



J 



In all, or nearly all, modern boilers the tops of combus- 
tion chambers are quite fiat, and require to be supported in 
proportion to the exposed Hat surface, and in so far as the 
pitch of stays and thickness of plate in chamber tops are 
concerned, the treatment is exactly the same as in the water 
spaces, with this difference, that the steam pressure Avhieh 
each stay has to Bustain is transmitted to the girder, which 
on account of a number of practical eonsT"derationa (ex- 
plained further on) has to be constructed from 8 to 10 
times stronger than the calculated stress it has to bear. 

The *' formula" for combustion chamber girders, as given 
in text books, gives no information which would satisfy the 
practical mind, and as it is both desirable and necessary that 
both engineer and boikrmaker should know something of the 
why and wherefore, the following remarks on beams are 
given, being entirely confined, however, to those of reet* 
angular section. 

The word * * girder ' ' is almost always adopted by engineers 
as the name for beams which are supported at both ends and 
subjected to transverse strain, and the term *' cantilever " 
for beams supported at one end only, and which have 
also to bear a transverse strain. 

Every mechanic knows that any bar of iron or beam 
rectangular in section is stronger and stiffer if placed on 
edge, and will bear a much heavier load without bending 
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than the same bar or beam placed on the fiat; also, that a 
given quantity of material made into, say, a hollow colnmn 
would be much stronger to resist ecHnpression, buckling, or 
bending than the same amount of material whose sectional 
area was solid. 

The laws which govern beams, and especially those of 
varied and irregular section, are complex, and require con- 
siderable mathematical knowledge which is quite beyond 
the scope of the present effort; but there are certain ele- 
mentary principles and laws which, with the aid of experi- 
mental data, may be illustrated and described in such a 
way as to give a practical grip of what beams have to do, 
more especially those on combustion chamber tops. 

In considering the loading of girders there are eertaiia 
things we must know. We must understand the ra^echanical 
effect produced under the varying conditions of support; we 
must have a clear idea of the different stresses brought to 
bear upon the girder^ and also in what manner the par- 
ticular form of section affects the resistances to such 
stresses; we must also realise and provide for the different 
and distinct strains, and loiowing the different strengths no 
material will be wasted in getting the maximum of effieieney. 

Por our purpose it is best to rely upon actual experi- 
ments of aueh men as Barlow, Fairbairn, Hodgkinson, 
Kirkaldy, and others, because in many eases scientific deduc- 
tions have not been in harmony with practical results. 

As in the present case we have to deal with beams of 
rectangular section only, their relative strength, in so far 
as it depends on the manner in which they may be loaded 
and supported, can be expressed in simple figures. 

Let us consider six different methods of loading: — 

1st, A rectangular beam of uniform section is fixed at 
one end and loaded at the other. How do we get at the 
total force tending to break or bend it? 

The formula for this is simply expressed, viz. — 

Weight in lbs. x length in inches = total force or lending 
moment, as it is usually called, and is generally expressed in 
inch pounds. 
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Example, — Assume sueii a beam to be 40jn. long, 
firmly fixed at one end, and that the total load or weight 
on the other end is one ton (2240tbs.), we want to find the 
total force tending to break or bend it, — or^ as expressed 
in text books, we want to find its bending moment. 

Here we have weight x length ^^ B.M. 

In figures, 22401ba. x 40iD. = 89600 inch pounds, the 
B.M. ; and this method of loading gives the maximum B.iL 

2nd. If in the same beam the same weight were distributed 
inatead of acting on the end of a 40in. lever, what would be 
the difference in the bending moment t 

length 

40 
2240 X — - ^ 448001ba., exactly one-half, showing No, 



In this case the w*^ight x 



B.M, 



to be twice as strong as No. 1. 

3rd, If the beam, instead of being fised^ rested on two 
supports^ 40in, apart, the weight being in the centre and 
both ends loose and free, how would the B.M. be affected? 



weight length 
X — 



Under such conditions, we would have 

= B.M. 

2240 40 
In figures, — — >' -^= 22400lbs.— the B.M,, which is 

four times stronger than No. 1^ and twice as strong as No. 2. 

4th. Beam resting on the two supports, 40iii. between 
their centres, but the weight uniformly distributed. How 
much would the bending moment be reduced? 



Here we would have 



weight length 



. the figures would be 



2 

2240 



4 

40 

T 



= B.M. 



^ 112001bs., 8 times 



H 



stronger than No. 1, 4 times stronger than No. 2, and twice 
as strong as No. 3. 
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5th, The beam fixed at both ends, with the weight in the 
centre. How does its B.^I. compare with the others? 

Weight >i length 
Rule for this is : = B.^M. 



.'. the "figures give 
No. 4. 



8 
2240 X 40 



= 112001bs<t the same as in 



6th, Beam fixed at both ends and imiformly loaded. How 
much is the Btrength increased? or hnw much is the B.M. 

decreased ? 

_ weight X length 

Here we have = B-M. 

16 

2240 X 40 

.-. our figures give ^56001b.s.. which is 16 times 

16 

stronger than the firsts 8 times stronger than the second, 4 
times strongfir than the third* and twice as strong as the 
fourth and fifth. 



Summing up, we might put those examples in the follow 

ing form: — 

Inch lbs. Tons 

1st. When fixed at one end and loaded at ^ 

the other, the total force or bending v ^ 89600 = 40 

moment is . . . . . . . . J 

2nd. When fixed at one end, hut the load ') . ,„„„ 

or weight evenly distributed . . j 

3rd. Loose and free at both ends and ") nnj^^ ^^ 

' ^=- 22400 ^ 10 
loaded at the centre . . . . J 

4th, Loose and free at both ends, but "i ^^ 

weight uniformly distributed . . J 
5th. Fixed at both ends, with weight in ") ^ ^^^ __ ^ 

the centre . . . . . . , . ) 

6th, Fixed at both ends and uniformly ) nnnrk 

loaded . , . . . . . , ) 



^ 11200 



2i 



&6 



The reason why the strength of the girder is so materially 
affetited by the different methods of loading is that it is, and 
practically acts as, a bent lever^ the long arm being measured 
from the point of support to the centre of the weight, 
the short or bent arm being always equal in length to the 
depth of the girder. Take No. 1, a rectangular beam of 
uniform section fixed at one end and loaded at the other. 
Assume the length to be four feet and the depth one foot^ 
and that a ton weight is hanging on the end. Then it is 
evident that the 



Weight X long arm 1 ton x 4 feet 



short arm 



1 foot 



4 tons, 



4 



which, of course, represents the weight or stress the beam 
has to bear at the point of support. If the same beam^ 
instead of having the weight at the end, had it equally 
distributed over the entire length, the stress on the point 
of support would be reduced one half, because the centre 
of gravity of the weight would be only haif the distance 
it was from the point of support when the weight was on 
the end— that ia, the mean weight of the equally distributed 
load would pass through a point exactly in the centre of 
the beam's length, which consequently lessens the leverage 
50 per cent, and reduces the stress on the point of support 
from four to two tons. Again, if the same gorder were 
supported at both ends and loaded in the centre (which 
would represent a combustion chamber stay with one 
bolt), it can be shown that it would take four tons to break 
it, just four times as much aa the same beam fixed at one 
end with the same weight on the other. 

The weight in any girder supported at the ends and loaded 
in the centre is transmitted with proportional force to each 
point of support, which reacts on the girder with an in- 
tensity exactly proportional to the leverage, and if in this 
beam the weight be placed 1 foot from one support the 
diistance to the other will be |tlis of the lever's total strength, 
and whatever the weight may be the stre^ on the support 
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1 foot from the weight will be Jths o£ the total weight on 
the beam — that is, if the total stress were 4 tons one end 
would bear 1 and the other '^^ tons. If The weight be in 
the centre, then the reaction would be equal, and each sup- 
port would take 2 tons, just half the weight, 
\ It can also be shown that in a similar girder supported at 
"both ends, hut uniformly loaded> it would take 8 tons to 
break it, as the mean leverage would be foimd to pass 
through a point half-way between the centre of the girder 
and the points of support. 

In like manner, if the same beam were tirnily and rigidly 
fixed at both ends, and uniformly loaded, it can be shown 
that the leverage is reduced and its strength increased in 
the proportion of 16 to 1— that is, it w^ould be 16 times 
stronger than the same beam fixed at one end and loaded 
at the other. 

It must be rtjinembered. however, that the above deduc- 
ions art* all theoretical. The weight of the beam itself is 
not taken into account, while the material and workmanship 
is assumed to be perfect. In eoIobs^^tion chamber girders the 
Tveight of beam is of no practical moment, but in large 
structures, such as bridges, or in cast iron beams, having 
considerable span, the weight of the beam itself may 
represent the largest percentage of the load it has to carry, 

hile in almost all eases (boilers not excepted) considerable 
allnwanee and provision has to be made for imperfect 
material and workmanship. 

I Combustion chamber girders, as usually fitted, are in the 
condition of beams supported at the ends, but variably or 
unequally loaded ^ and their strength is affected to a great 

tent by the manner in whith the material is arranged to 
take the strain. On this important point there is a wide 
difference between theory and practice, but, as before stated, 
the results of actual experiment are quite sufficient for our 
present purpose. 

Consider a girder at work^tbat is, the steam pressure on 

p plates taken by the stay bolts and transmitted to the 
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girder : the tendency is to bend under the load, and a little 
reflection will make it clear that the top fibres or particles 
must be in cornpression and the bottom particles in tension, 

and that the top and bottom edges are more severely strained 
than any other part; also, that this compression and tension 
affect the material in a gradually decreasing ratio as 
the distance of the affected particles from the top and 
bottom of the girder increases, until a point is reached where 
there is neither compression or tension. Assuming the 
material to be equal in tensile and compressive strength, 
this neutral surface, or neutral axis, as it is called, would, be 
represented by a line drawn through the centre of tlie 
rectangular section, where the particles of the iron or steel 
throughout the length of the girder practically do no work^ 
and are entirely unaffected by the stresses on the top and 
bottom. 

It should, therefore, be carefully noted that the work 
done by the girder is very unequally distributed, that a 
large proportion of the section does no work at allj and that 
the strains upon the material decrease from the top ujatil 
the neutral surface or axis is reached, when they vanish 
altogether J also, that the particles nearest the neutral line 
contribute least towards supporting the load; but, on the 
other handj the farther away from this line the greater is 
the percentage of strain they bear in supporting the load, 
and therefore the neutral surface is the place where holes 
may be drilled and attachments made without affecting 
the strength of the girder. In all girders the exact position 
of the neutral line depends entirely upon the nature and 
arrangement of the material, and if the tensional and 
compressive powers are equal then this line wil! be in the 
middle of its depth, but not otherwise. If the beam be 
made of cast iron it would never do to make it rectangular 
m section, because this metal in compression is good for 
48 tons per square inch, while its tenaile strength is only 8 
totLs; therefore we must distribute the material in propor- 
tion to the respective strengths, and the depth of the 
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"material above the neutral surface will be to that beneath 
it as the square root of 1 to the square root nf 6, or 
approximately as 1 is to 2^, or to make even figures, as 2 
is to 5. 

With steely however, we may take the tension and compres- 
sion as being nearly equals which, of course, in the present 
case, aimpliiies the calculation* and in combustion chamber 
girders of uniform rectangular section the line of neutral 
surface will practically pass through the centre of the 
depth. 

The total stress, or load, which the particles of the material 
in each half of the beam has to bear is foimd by multiplying 
the area of half the beam by the mean strain upon the fibres, 
while the total strain upon either half of the beam can be 
determined by multiplying the mean strain by the breadth 
and by half the depth. 

To find the mean strain upon the material means finding 
a point where if all the pressure or load upon the beam were 
concentrated it w^ould have precisely the same effect as under 
the actual working conditions, and this point is called iu 
technical language the ''centre of gyration" of the beam. 

To explain this more fully ; When work is done its amount 
is measured by multiplying the weight hy its veloeity. For 
instaneej if we lift 330001bs. one foot high in one minute w^e 
develop a certain quantity of work equivalent or equal to 
one-horse power- but if we take two minutes to lift the same 
weight, then the work done is only equal to half a horse 
power. If we take two engines having same sized cylinders, 
pressure, and revolutions, but with the stroke 2 feet in one 
to 4 feet iu the other, then the work done by the long stroke 
is double that of the short stroke, because the same w^eight 
passes through double the distance in the same time, or we 
might say the same weight is raised to double the height, or 
double the weight to the same height in the same time. 

If. therefore, we consider a %-w^heel of an engine in 
motion, and that this wheel has a broad rim, it is very 
evident that the material at and about the outside of rim 
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is. moving with a greater velocity thaa the material at or 
near the inside rim; consequently the particles in the outer 
rim are doing more work than those on the inside, because 
being the same weight they pass through a greater spaee or 
distance in the same time. Therefore^ if we want to get 
at the power stored up in this wheel, and because the parts 
o£ any revolving body must move at different speeds, it be- 
comes necessary to find what the diameter of the circle 
would be in which the mean motion may be supposed to 
take place, or to find that point in the diameter where, it all 
the weight were couceutrated^ the dynamical effect would be 
precisely the same as under the ordinary running conditions. 
Such a point would be the "circle of ^ration" of the 
fly-\vheel, and its distance from the centre of motion would 
be the '* radius of gj^ration. " For convenience it la iisnal 
to take the mean diameter of the fly-wheel rim as the radius 
of gyration, as this is approsiimately correct, or, at all 
events, near enough for all practical purposes^ and it is 
also usual to neglect the weight of the arms. 

Coming back to the combustion chamber girder, the same 
principle applies. Like the tly-wheeU the weight, or load, to 
be supported, the Avork to be done, is most unequally dis- 
tributed throughout the section. The particles nearest top 
and bottom edges take the lion's share of the load^ the 
material at the neutral line does nothing; while a large 
percentage of the sectional area of girder is practically use- 
less, so far as taking any strain is concerned. 

Although the girder does not revolve, still it is jast as 
necessary to find its centre and radius of gyration as in the 
fly-wheel, because the point that would give a true mean 
of all the unequal strains is the most important factor, 
without which we could arrive at no definite result. 

Generally it may be accepted that the strength of solid 
rectangular combustion chamber girders varies inversely as 
the length, directly as the breadth, and directly as the 
square of the depth. It is important that this should be 
clearly explained. 
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1st. "Inversely as the length'' means that by doubling the 
length we double the leverage, and although the resisting 
power of the section remains the same, still if lOOlba, on the 
end of a beam 2{>in. long would break it. then 501bs. on the 
end of a beam 40in. long would have the same effect. 

2ndL *' Directly as the breadth/' If we double the breadth 
we double the n^imber of resisting particles, but we do not 
alter the leverage ; eongeqnently twice the breadth is simply 
twice the strength, but no more. 

3rd. * ' Directly as the square of the depth ' ^ means that if 
"we double the depth we not only double the amount of 
material, but we also halve th& leverage, and consequently 
have four times the resisting power; hence it is that in 
beams of rectangular section the strength varies as the 
square of the depth. 

If the section of a eombuation chamber girder were square 
instead of rectangular the conditions and variations would 
be inversely as the length and directly as the cithe of the 
side of the square, because in doubling the side of any aqnare 
we get four times the material and twice the leverage, 
which, of course, makes it eight times stronger than the 
original beam, or, as is usually expressed, the strength of 
s<:iuare beams is as the cube of their sides. The same applies 
to solid cylindrical beams, whose strength varies inversely as 
the length and directly as the cube of the diameter, for 
the same reason as that given for square beams. 

No reference has been made to the difference between the 
strength and stiffness of beams, nor is it necessary for our 
purpose. The foregoing remarks on beams are essentially 
of an elementary character, but they may create an appetite 
for more information, and such information will be found 
in Anderson's ''Strength of Materials/' to which I am 
indebted. It is one of our best text books of science, and 
can be purchased from any bookseller. 

Taking the sure ground of experimental facta, the follow- 
ing rule may be expressed : — 

In beams of uniform sound rectangular section the 
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''beading moment," ar total resisting power of all suet 
beams in inch pounds is invariably equal to the area of 
section in aq. in. x radius of gyration x strength of material 
per sq, in. 

The radius of gyration of a beam lin. deep has been 
conclusively proved to be equal to -2886, which is the 
constant used to find the true resisting power of the aectio 
so that the fallowing rule would give the same result : — 
Depth^ X breadth x -2886 x strength of the iron or steel 
per sq, in. This is also equivalent or equal to the resisting 
power of the girder. 

Ill any rectangular heam^ if we divide the square of the 
depth by 12 and extract the square root the result is th&_ 
radius of gyration. 




\J 12 / 



The following example will perhaps make this clear :^ 
Take a beam of steel 4in. deep lin. thick and 20in. between 
the supports. 



Then 



V 12 



1154, the radius of gyration. 



Taking the strength of the steel at BlOOOlbs., we have 



4x1-154x61000 



weight length 
— t: — X --T^-- 



weight 
load 



4x1454x61000x4 



20 



= 563151bs,, the breaking, 



and 



56315 x 20 



== 2815751b3., the bending moment. 



Having found bending moment, to find depth of beam wt 
Lave 



J 



2S1575 



Ix *2881x 61000 



4iii., the depth of beam. 



9S 



To find the stress on the material by the bent lever 
p rinciple, we have 

^■^ 5^315 20 



2^2 
1154 



= 2440001bs., the total stress; 



244000 

And aa we have 4 square inches, then ^= SlOOOlbs,, 

4 

the stress per square inch, 

" It should always be remembered that the two rules 
previously mentioned mean one and the same things — that is, 
the radius of gyration x depth ^^^ 1 454 x 4^4-616, and 
depth- X '2386 = 4^ x -2886 = 4-616 also, so that we can 
use either^ but it is more handy to square the depth and 
ultiply by the constant -2886. 
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If the material were equally strained we shoold have no 
centre or radius of gyration, and the short or bent arm 
of the lever would be equal in length to the lever's depth, 
but because the strains are unequal the resisting power of 
the girder is redueed in the proportion of the square of it^ 
depth multiplied by its radius of gyration ; in fact, the 
radius of gyration practically represents the short end of 
the lever, which is the foundation of this and other caleula- 

Itions where the stresses developed on the material are un- 
equal 
I Tbe practical application of the above will be better 
imderstood and appreciated from the following examplesj in 
which the strains on combustion chamber girders, fitted 
with 1. 2, 3, and 4 bolts, are worked out in figures, and are 
shown in a graphical form. Before working them out it 
will be necessary to give the Board of Trade *' formula" 
for such girderSj from which by comparison we can see 
hat factor of safety is considered desirable, and also get 
better idea why it is necessary to have different constants 
or girders having 1, 2, S, or 4 bolts. 
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Girders for Flat Surfaces (Steel) 

Rule. 



Board of Trade 



"When the tops of combustion chambei^ or other parts of a 
boiler are supported by solid rectangular girders the follow- 
ing formula is used for finding the working pressure to he 
allowed on the girders, assuming they are not subjected to 
a greater temperature than the ordinary heat of steam, and 
in the case of combustion chambers, that the ends are fitted 
to the edges of the tube plate and the back plate of the 
combustion box, or in a double-ended boiler, the ends fitted 
to both tube plates:— 
C X d^ X T 
(W-F)xDxL = ^^'^^•^^ P'"^^"^^- 

Where W ^^ width of combination box in inches 
P = pitch of supporting bolts in inches 
D = distance of girders, eeutre to centre, in inches 
L ^= length of girder in feet 
d ^ depth of girder in inches 
T = thickness of girder in inches 
C = 660 whan girder is fitted with one bolt 
C = 990 when girder is fitted with two or three bolts 
G ^= 1100 when girder is fitted with four bolts. 
The working pressure for the supporting bolts and for 
the plate between them is the same as given for fiat sur- 
faces and stays, 

Referring to Figure 14, we have : — 

Width of combustion chamber. 16in. 

Girder, ^m. deep and lin, thick, fitted with one bolt 

only 
Distance between the centres of girders and stays, 

Sin, 
Boiler pressure, IGOlba. per sq, in. 
Applying the Board of Trade formula, we have 
660x4-625^in.xl in 
ng g) x8 X 1-33 ~ 1^51^-* tlie highest working pressure. 




The stress on each stay bolt is 

8 X 8 X 160 = 1024{>lbs. 
The total bending moment at centre is 

10240 16 

. -^ X — = 40960lbs. 

Then taking the strength of the steel at 6l0001bs. sq. in., 
we have depth- x breadth x radius of gyration x strength = 
to the total resisting power of the girder, in this case — 
4-625- X 1 X -2886 x 61000 ^ c{T6562 inch pounds 




The actual stress 
strength 376562 



so 



is 409601b3 
^9-2 aa the factor of safety. 



if we divide the 



strain 40960 
In this case, as in all the others, it is simply a question of 
leverage. The entire load being in the eentre, each point of 
support takes half the weight, and acts with a length of lever 
equal to half the width of combustion chamber. 

To represent the same result graphieally^that is, by lines 
— if we set off from the point c a length of line c d equal to 
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409601bs-, and join d b and d a, then the diatanee c d equals 
total bending moment at centre, and any lines drawn parallel 
to c d cutting the lines b d or d a will give the proportional 
bending moment at those points. 

Figure 15 shows combustion chamber with two bolts. — 



—7^ 15— 




Width of combustion chamber is 24 in. 
Girders, 53 in, x 1^ in., fitted with two bolts. 
Distance between centra of girders and sta^s, 8 
Boiler pressure is ISOlbs, per square inch. 
By Board of Trade formula we have 

990x5-752x1-25 , .... 

-^^- ^ — H — o ^ 1601ba,, the highest working pressure. 

Eaferring to the figure it wilt be apparent that each stay 
bolt has to bear the same stress, because the pressure and 
leverage are equal, and it is also clear that the centre of 
girder at c will be more severely strained on account of the 
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increased leverage, and a little patient study will enable the 
figures to be followed without much trouble. 
j Comparing our rule with Board of Trade we have — 
^H 8 X 8 X 160 = 102401bs., the stress on each stay bolt. 
^H .', 10240 X i^ X 8 = 546131bs., actual stress at bolt 
^H centres, 

^H And 54613 x yI = 409591bs.t the bending moments 
^H caTised by each bolt at centre of girder, 

^f Therefore the total stress on centre is equal to the sum of 
f the bending moments, which in this case is 40959 x 2 ^ 
! 819181bs. 

Taking the strength of the steel at 6]0001b8. per sq. in., 
and applying our rule, we have: 

Depth - X breadth x radius of gyration x strength per sq* 
j in. is equal to the resisting x>ower of the girder, which in 
I this case would be: — 

' 5-752 ^ 1^25 X '2886 x 61000 = 727547 inch Iba., the total 

I resisting strength of the girder. 

The actual stress is 81918 inch lbs.» and to resist this we 
I have 727547 inch lbs., therefore dividing the 
i strength 727547 



81918 



8'88, as the factor of safety in this 



strain 
girder. 

Representing the stress graphically we have : 

Bending moment at x from load at a; ^ 54613lbs, 
Bending moment at y from load at i/ = 546131bs. 
Draw the lines x h and y g to any scale, but each in 
length equal to 546131bs. ; join ft 6 and k a, also 
g a and g b, then the lines x h and y g will 
represent the actual stress at x and y. 
Through the point c draw the line c d in length equal to 
the total stress on centre, viz., 819181bs. 

Then c d = 819181bs., the stress on centre. 
And xh^ 546131bs., the stress on x. 
And y g = 546131bs., the stress on y. 
From the figure it will be seen that the sura of the bending 
moments on x and y is equal to the length y y^ + y g^ 
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which gives y k. The same applies to ^. The length x x^ -^ 
X h gives X If while the bending moment at centre ia equal 
to twice c e, which gives c d. 

Fi^rure 16 shows eombusticm chamber with three bolts. 
Width of combustion chamber is 32in. 
Girders 7Jin. >; liin., fitted with three bolt^ 
Distance between centres of girders and stays ia Sin. 
Boiler pressure is 1601bs, per square inch. 

By Hoard of Trade formula we have 

990x7-5^ X 1-5 

= 1631bs., the highest working pressure. 



(32 — 8) x8x2'6fi6 



Applying our rule and comparing it with the above we 
buvo 

8 X 8 >; 160 = 10240lbs. stress on each bolt. 



10240 



2 



■ X 16 =3 81920 = bending moment at p = 819201b3. 



10240 K S^ X 8 = 01440 = the bending moment 

t at y. 

61440 X H — its effect at c ia equal to . . . . 409601bs, 
10240 X fix 8 = 61440 ^ the bending moment 

at X, 
61440 X IJ ^ its effect at c is equal to . . , . 409601ba. 



Therefore, the total bending moment ia . . . .1638401bs, 

Then TS^ x 1 5 x 2S86 x 61000 ^ 1485388 inch Ibfl., 
the reaisting power of the girder. The actual load, or total 
bending moment, is 163840» so dividing 
strength 1485388 



straii] 



163840 



= 9, the factor of safety* 



To represent this graphically we would have 
B.M. at c from load at c ^ 81920, which mark off as an or- 
dinate at c to any scale, 
join d h and d a. 
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B3L at X from load at a? ^ 61440, which mark off as an or- 
dinate at X to any scale, 
rvf join a h and h b. 




[,M. at y from load at ^ ^ 61440, which mark off aa an or- 
dinate at y to any scale, 
join b g and g a. 

Then length of line cd^ 819201hs„ the bending moment at c. 

And length of line y g = 614401bs., the bending moment at y. 
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And lengrth of line x h = 614401bs., the bending moment at x. 
And length of line c e = 40960, the effect of load at y on 

ceEtre C, 
And length of line c e ^ 40960, the effect of load at x on 

centre c. 
Then to c d add twice c e, which will give the total bending 
moment represented by the length of line c m. 

Referring to the figure, it will be noticed that x and y have 
each three bending moments, and by adding the length of 
the three lines together we get the total moments on x and 
p, which is represented by the length of lines x I and y k. 

The length of the first is measured from x to where g b 
cuts the centre line of x; the second, from .% to where d b 
cuts the centre line of x : and the third, from x to where k h 
cuts the centre line of jc. These three lengths added to- 
gether give, as before stated, the total bending moment at x^ 
and is equal in length to x 1. The same applies to y, and 
the stresses being equal the lines x I and y k are the same 
length. 
Figure 17 shows combustion chamber with four bolts. 
Width of combustion chamber is 40in. 
Girders. 9Jin., x If in., fitted with four bolts. 
Distance between centres of girders and stays, Sin, 
Boiler pressure is 1601ba. per square inch. 
By Board of Trade formula we have 
1100 X 8-52 X 1^75 
TJTT^a^ — 5 — ^-^^ ^ 1631bs., the highest working pressure, 

8 X 8 X 160 = 102401bs,. stress on each bolt 

16 = 983041bs., the bending moment at y: 
and 98304 x |f = 81*)201bs., the effect at r 
8 = 655361ba., the bending moment at x; 
and 65536 x ^ = 409G61bs., the effect at c. 
16 == 983041bs., the bending moment at 1^^,* 
and 98304 x i^ = 819201bK., the effect at c. 
8 -= 655361bB., the bending moment at x^r 
a^fl ^5536 X r;g ^ 40966, the effect at c. 

Then total bending moment at ^^ ^ 245772 inch pounds. 



? 



10240 X 



10240 X 



10240 



10240 X 
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Applying our rule we have 

8-52 X 1-75 X .2886 x 61000 = 2225829 mch lbs., 
the actual resisting power of the girder. 



Therefore dividing 



strength _ 2225829 
strain ^ 245772 



= 9 the factor of 



safety. 



To represent this graphically we have the following: — 

B.M. at y from load at y ^ 98304, which mark off as an or- 

diuate at p^ join g a and g b. 

BM, at iJ? from load at a; ^ 65536, which mark off as an or- 
dinate at Zj join / a and / b. 

B.M. at y^ from load at y^ = 98304, which mark off as an or- 
dinate at y^^ join h a and^fe. 

B.AI. at c^^ from load at x^ ^ 65536, which mark off as an or- 
dinate at x^, join J a and J &. 

Then length of the line y g^^ 98304, the bending moment at y 
„ „ xl = 65536 „ „ X 



j,iA = 98304 

x^/^ 65536 „ „ a?^ 

ce^^ 40966, the effect of load z on 

[centre c 

c e^ 40966j the effect of load x^ on 

[centre c 



Then to twice c e add twice c dj which will give the total 
bending moment at c^ represented by the length of line c c^* 

Referring to the figure, it will be noticed that this girder 
has to bear four variable and distinct bending moments, 
whose intensity is represented by the distance measured 
from the top plate of combustion chamber to the points 
where the four angular lines cut the centre line of each 
stay bolt (aa described in example with three bolts) , and that 
the length of these four lines added together gives the total 
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l)endiTig inament. on girder at centre line of each bolt, whieli 
in this case is as follows; — 
Total bending moment on y is equal to the length of line y N 


L 



I 



X 
yl 

c 



y' 

c 



It will be noticed that in the four examples given the 
number of btsnding moments transmitted to girder increases 
as the number of bolts increase — that la, for 1, 2, 3, and 4 
bolts we have 1, 2. 3. and 4 bending moments. 

The graphic method of representing ''.stresa&s'* by lines is 
coming into general use, and in Foley's excellent book on 
Boiler Construction the whole of the calculations relating to 
shells, furnaces, stays, combustion chambers, flat surfaces, 
girders, tube plates, riveting, etc., are worked out on this 
system. Line diagrams are constructed for all parts of the 
boiler, and any required pressure, thickness of shell, 
diameter, length, or thickness of corrugated or plain sur- 
faces, size OP pitch of stays or girders, etc., can be read oflf 
without putting a single figure down. This saves an 
immense amount of work, and to a professional man is in- 
valuable, Biit such books can never be thoroughly appreci- 
ated unless the user knows something of the principles on 
which such diagrams are constructed. Hence it is that 
the two methods of calculation are given, as it may prove 
an incentive to study books where the system is described, 
explained, and applied. 

Respecting the Board of Trade Kule for Girders, it will 
no doubt be noticed that the factor of safety in all four 
examples is very high ; in f £ict twice as much as is considered 
necessary for shells, furnaces, stays, etc. ; but there are a 
number of points that reqidre to be considered and provided 
for. Taking usual shop practice, we can scarcely depend 
on the points of support of girders being anything like a 
perfect or exact fit on the tube plates, as in nearly all eases 
.a certain amount of the strain is developed on and borne 
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by the top plate itseLf and, whatever this amount may be, 
it acta with a small hut certain amount of leverage. Then 
there is the element of Tincertainty (as usually fitted) of the 
stresses being equally distributedj both at the points of 
support and also in the screwing up of the supporting stays, 
fitting of washers, corrosive action on the large surface 
exposed, etc. These and various other things point to the 
necessity of having an auiple margin of strength, which 
though exceptionally high theoretically, is, in a practical 
sense, a sensible provision on the right side. 

"What has been said respecting combustion chamber girders 
refers to the usual method of staying, and, all things 
considered, may be put down as the best; but there is a 
variety in the systems of staying by different makers that 
might be briefly referred to. 

The girdera themselves are generally made of two plates. 
These plates are riveted together with a distance piece to 
allow the supporting stay boits, which are firmly screwed to 
top edge of girder by nuts and substantial washers^ to pass 
freely between them. Sometimes, but not often, the ends of 
the two plates are welded together and form one point of 
support at each end instead of two ; in other cases, as in loeo- 
motiveSj they are forged solid, with the stay hole-s drilled and 
the ends and sides carefully slotted and fitted. Recently a 
number have been made of cast steel, and no doubt if we 
could depend on the material, this would be the cheapest and 
best ; but so far, we fight shy of the cast steel for this 
purpose. 

Instead of girders with stays, angle-irons, in single but 
usually in double shear, are riveted direct, with thimbles 
between, to the top plate; then between the two angle-irous 
plates, taking hold of similar double angle-irons at top of 
shell, are either bolted or riveted in the usual way. 

Another plan sometimes used is to flange the top combus- 
tion chamber plates, fitting between such flanges vertical 
plates as wehs, while the top of web plates are secured by 
double angle-irona riveted to shell. 
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Circular and carrugated tops have in rar^ eases been 
fitted, in others the stays are screwed direct into top plate, 
having a single eye projecting, then a direct stay with 
double eyes at each end takes hold of the screwed single eye 
in top plate, the other end to strong tee irons fitted to shell. 

Sometimes are fitted what might be termed suspended 
girders, which do not rest or even touch the top plates at all. 
The supporting bolts are fitted in exactly the same way aa 
shown, but the whole stress is taken by the suspended stays 
(generally made square in section) which take hold of the 
girder by strong bolts in double shear at one end, and at the 
other end are secured by passing between strong double lugs- 
angle or tee irons, which are firmly and securely riveted to 
shell. When suspended stays are used, it is desirable to stay 
the bottoms of combustion chambers to the bottom of shell, 
but in double-ended boilers, where the combustion chambers 
are of exceptional width, the thickness of the tube plates 
required by the rule would be excessive i and in such eases, 
it becomes a necessity for these stays to be fitted. This 
system of staying relieves the tube plates from compressive 
stress, and therefore allows of much thinner plates being 
used, which, in the opinion of several leading engineers, 
would be a radical cure for leaky tubes, especially under 
forced draught— the theory (since confirmed by experi- 
ment) being that it is only reasonable to infer that within 
certain limits the more nearly the tube and tube plate 
approach each other in thickness, the more nearly will they 
expand and contract in harmony, and therefore the chance 
of leakage will be less; and as we cannot thicken the tubes 
with advantage* the next best thing to do is to conform to 
the necessity of making the tube plate as thin as other 
practical considerations will admit. This was shown in a 
very practical manner by Mr. A. T. Yarrow in a most 
valuable paper read before the Institution of Naval 
Architects, in 1892, in which he proved, by actual 
experiment, that thick tube plates and thin tubes could 
not and did not stand the conditions of forced draught 
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nearly bo well as when the thickness was reduced to some- 
what near that o£ the tube, besides having the advantage 
of a comparatively thin plate to tranamit the heat. On 
the other haud. we have hvmdreds of boilers with tube plates 
}in. and even Jin. thick, which steam continuously for weel^s 
and months with natural and forced draught, carrying 160 
and ISOlbs, of steam, going all round the world, and doing it 
over and over again without a hitch. This particular ques- 
tion has two sides to it. and the defect of leaky tubes is 
principally confined to naval bailers, the mercantile marine 
being comparatively free from this trouble. 



Tube Plates (Steel and Iron)* 
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We now pass on to consider and provide for the com- 
pressive stress which tube plates have to bear, and which is 
developed and transmitted from the combustion chamber 
girdera at their respective points of support. 

"What we have to be satisfied about is to so construct the 
tube plate that it will bear the maximum compressive stress 
and leave a proportional niargin of strength. The Board 
of Trade Rule does all this and leaves an ample factor of 
safety. 

The Eule is as follows for steel plates: — 

{D — d) X T X 28000 

-— — — = Working pressure. 

W X D 

Where D = least horizontal distances between tube centres 
in inches. 
d^ inside diameter of tubes in inches. 
T ^^ thickness of tube plates in inches. 
W = extreme width of combustion chamber in 
inches from front of tube plate to back of fire 
box, or the distance between eombustinn 
chamber tube plates when boiler is double- 
• ended and the chamber common to the fur- 

naces at both ends. 
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Take tlie following example, which is a fair sample and 
likely to be found in ordinary practice: — Assume 3Jin, 
tubes, Jin. thick, and allowing liin, spaces between them 
horizontally. By the application of the formula, we would 
have — 

Distance between tube centres . , 4 75in, 

Inside diameter of tubes . . * . 3'25in. 

Thickness of tube plate . . , , *75in. 

Width of combustion chamber . . 30in. 

Find working pressure? Here — 

(4.75 — 3^25) X '75 x 28000 

^— = 2211bs, per sq. m. 

30 X 4-75 ^ 

For iron tube plates the Rule is the same, except that the 
constant is reduced from 28000 to 22000, which, of coursf , 
will reduce the worldng pressure in that ratio; and this ie 
necessary, because steel may be considered for all practical 
purposes as being of equal strength when exposed to tensile 
or compressive strains, and is usually taken at filOOOlbs. per 
sq. in. But it is very different in iron, that material being 
considerably weaker in compressioa than in tension — hence 
the reduction in the constant. 

Running out the figures for iron, Ave have — 

(4-75 _ 3-25) X 75x22000 

r^ — ^;: = 173 lbs. sq. in. 

'SO X 4-75 ^ 

It is verj-- important that all tube plates, where the combus- 
tion chamber tops are stayed with girders as before 
described, should be strong enough and stiff enough for 
their work; for if not, we may expect bulging, oval holes, 
and leaky tubes, defects which are not only annoying and 
expensive, but extremely difficult to rectify, 



Tubes, 

Although the manufacture of boiier tubes has been, and at 
present is. a speciality, still in same eases the quality stup- 
plied is scarcely good enough for high pressures, especially 
where forced draught is used. All tubes should be made of 
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material who$e ductility is exceptionally high; they should 
be of uniform tbi*?kness and elastieity. perfectly straight, 
both ends being thoroughly annealed, as it is only such 
conditions that \rill enable each individual tube to take its 
fair share of the strain. It is of much greater importaDce 
than is usually supposed to insist upon the tube ends being 
perfectly clean ; and this is recognised by some makers who 
now offer to supply tubes with polished ends, so that when 
expanded the metal in tube and tube plate shall be in clean 
and close contact. In expanding tubes great care should be 
taken that when the expanding is finished it does not 
represent a tapered pin in a parallel hole. In all expanders 
the rollers should pass through and act upon the entire 
thickness of tube plate, so that the whole surface is iu 
actual contact — in fact, the usual practice (and especially in 
the long tubes of locomotives) is to form a small shoulder 
on the water aide of tube plate, which prevents the tube 
from shifting when a compressive strain comes on, and also 
ensures all the tub^ going and coming together, the expan- 
sion and contraction being developed on the large bold 
radius of the tube plates. 



Stay Tubes. 

In the British mercantile marine, and also in the Navy, it 
is compulsory tJiat all tube plates must be fitted with stay 
tubes, which, if possible, are usually set off in squares, and 
both stay aod surface supported are treated in the same way 
and the calculations made by the same rules which govern 
fiat surfaces and water space staying. 

Although the Board of Trade and Lloyds insist on all tube 
plates being fitted with stay tubes^ yet the opinion is by no 
means imanimous that they are absolutely necessary — ^in 
fact, such men as the late Dr, Kirk, Yarrow, and others bold 
opposite views. Yarrow's opinion is as follows i—*' "With 
regard to stay tubes, for many years we have not used them 
and have foimd no injurious result. On the contrary, I 
believe, ao far as the leakage of tubes is concerned, they are 
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bad* In the first place they are invariably thicker than the 
surrounding ones, and to have rigid tubes alon^ide those 
■which are elastic is clearly undesirable. If stay tubes must 
be adopted, they should be equally elastic with the others 
and consequently of the same thickness and the same 
material, only thickened up where they screw into the 
plates,'' 

In locomotives carrying high pressures, both in England 
and America, stay tubes are seldom used, and in American 
steamers they are not considered necessary. 

The experiments which have been carried out to determine 
the holding power of ordinary tubes are conclusive, but only 
ttnder certain conditions. It takes from 8 to 12 tons to draw 
a 2in. tube out of an ordinary steel tube plate, the difference 
l)etween 8 and 12 being probably due to the more or lesa 
imperfect fitting in the tube holes ; but taking' the least — viz., 
8 tons — it was shown that for the pressure carried and sur- 
face supported, the tube plate had a margin of strength of 
20 to 1. So far as locomotives are concerned, this demon- 
strates that the tube plates are amply stayed by ordinary 
tubeSt and the result of many years' experience in actual 
working has practically affirmed that stay tubes are not 
required. 

The same conditions, however, do not hold when applied to 
marine boilers. In locomotives the water is almost always 
comparatively clean, consequently the internal surfaces 
(especially tube necks and tube plates) are eiean — hence it 
ia the tubes keep tight and give no trouble. In marine 
boilers it is different ; tubes, tube plates, etc., get dirty, and 
in many cases there is very little time and comparatively few 
opportunities for cleaning. This results in leaky tubes, 
which, instead of removing the cause by having them 
thoroughly cleaned, are expanded and hamrapred again and 
agaiji. Many of the ends become hard and brittle and drop 
off; sometimes a considerable number are flush, and even 
l)elow the flush, of the face of tube plate, and generally 
their original holding power is so materially reduced that 
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were it not for the stay tubes the tube plate would bulge, 
draw over the tubes, aad probably cause a serious aecideat. 

Such things have occurred, and will occur again if stay 
tubes are not fitted; and, from personal knowledge, m more 
than one American steamer the above has taken place with 
fatal results. 

Another thing is that if the water by any means ^ot too 
low the holding power of ordinary tubes would be affected 
and lessened much sooner than the stay tubes, all of which 
are stronger, atiffer, and more firmly attached by being 
screwed into tube plates or secured by double nuts at one or 
both ends. Again, in all modern marine boilers it almost 
becomes imperative to use stay tubes to support the front or 
smokebox tube plate, as in the wings and also in the centre 
we must have not less than a lOin. apace for cleaning, 
examination, and repairs. That being so, stay tubes of 
ample section at bottom of thread become a necessity, as 
ordinary tubes would be weak for the stress to be supported. 
No one can argue that stay tubes are absolutely necessary 
in marine, any more than in locomotive boilers, provided 
the working conditions are the same^ which they are not, as 
has been shown. Condensers will leak and tubes split; air, 
circulating, and feed pumps have, and will, break down 
— in fact, a dozen things may take place. Even with the 
beat and most modem machinery it becomes necessary 
(sometimes) to put salt water into the boilers, and with 
present pressures a very thin scale about tube necks mil 
very soon produce leaky tubes, which at once affects the 
holding power of the ordinary tubes. 

In the old jet condeuaing boilers, carrying from 20 to 
30lbs., there were no stay tubes and no expanders, but all 
the tube ends were beaded over. When there was any undue 
accumulation of salt or scale (which was pretty often) the 
tubes leaked, and, from the continual hammering trying to 
make them tight without cleaning them, many of the 
headings dropped off altogether, and very often you would 
find considerable numbers drawn partially through the tube 
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plate; their holding power was gone, and it be<iarae neces- 
sarj" to fit a nimiber of through stay bolts to keep the tube 
plates in position. 

It is.no doubt, much better in modern boilers, but provision 
mnst be made for what has happened and may happen again 
— that is, if ordinary tubes leak, and if such are expanded 
and hammered several times, then their holding power 
beeoines an uncertain and unknown quantity; therefore, all 
things considered, the Board of Trade are quite justified 
in making the fitting of stay tubes compulsory. 



Steam Domes. 



^H A few years ago, almost everj' boiler, both laud and 
^rnariue, was fitted with a steam dome ; the generally accepted 
notion being that it was absolutely necessary to have some 
auch vessel in which the steam could be stored, and that 
those ateam reeeiverH would prevent priming, and would be 
an advantage to the boiler in every way. 

Now we know better, and the fallacy of such constructions 
(so far as marine practice is concerned^ is pretty well 
exploded, few, if any, modern boilers being fitted with steam 
domes, chests* or superheaters. 

The quantity of steam those structures could hold ivas in 
almost every ease very fractional indeed ; a few strokes of 
the piston would empty them ; in fact, when imclothed and 
exposed to the air, instead of adding to the boiler's 
efficiency, they actually lessened it, for the tendency was to 
act as a partial condenser — the steam taken from them con- 
taining more moisture than if the main steam pipe had been 
connected direct to the steam space of the boiler. 

Then as to their preventing priming. This is another 
absurd idea. Consider how steam is generated, and it will 
at once be apparent that unless ample provision is made for 
a sufficiency of area at the water level, the steam cannot 
and will not leave the water freely or quietly. 

Any undue contraction at the surface of the water must 
naturally result in a tendency to produce priming, and the 
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fitting of a steam dome as big as a church would not help 
us much, because it would not remove the cause of the evil; 
the contracted water level would still be there. 

Primiug or deflecting plates may have some effect, and 
lessen the priming, but you are never sure, as in all such 
the boilers require special attention, and even where the 
greatest care is exercised they take (and generally without 
notice) periodical fits, which are ahvaya troublesome to the 
engineer, and soja^jetimes end in material damage to the 
machinery. 

It is now recognised that when designing any boiler, one 
of the most important considerations is^ that the steam 
space and water surface shall be large enough to enable all 
the steam generated to leave the water surface quite freely, 
and that it is much better, more sensible, and cheaper to 
increase the diameter of shell 9 or 12 inches than to depend 
upon steam domes for dry steam and as a means of prevent- 
ing priming. 

In land boilers, the practice of fitting domes is not nearly 
so prevalent as it was; it is gradually but surely dying out; 
in fact, the only thing that can possibly be said in its 
favour is that the fiat tops are more handy for fitting mount- 
ings than the cylindrical shell. 

Sometimes the tops are made with spherical or dished 
ends» and when properly set out (as previously explained), 
such tops are strong enough — not so the bottoms. 

Consider any portion of a cylindrical shell; if it is sub- 
jected to direct tension, it is necessary that it should be 
acted upon by a uniform internal pressure and the enda 
(so to speak) of this cylindrical portion be supported by 
tangential forces equal to the tension on it, but the part of 
shell under the steam dome does not comply with those 
conditions. 

From the manner in which the forces act, there is nothing 
to retain the curved form, because there is the same steam 
pressure on both sides of it. The tendency, therefore, is to 
straighten itself, it acting merely as a bent stay, and, as it 
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straightens, the bottom of the dome would naturally try to 
open aod thereby cause a severe strain on the bottom flanges 
at opposite sides. 

To make matters worse, manholes under domes are often 
unstrengthened and generally, as iisually made, represent 
the weakest part of the whole structure. 

When steam domes are fitted, what is required to make 
this part equally strong is that it should have a pressure 
equal to the steam pressure uniformly distributed over it. 
To effect this, it is therefore much better to make all domes 
with flat tops and stay them with vertical rods passing 
through shell and strengthening plates. 

This will utilise the curved form, take any undue strain 
off the bottom flanges of dome, and support the flat top 
at the same time. 

It would, however, make a sounder, stronger, and safer 
boiler if they could be dispensed with altogether. 

Respecting the water surface or area of water level in 
boilerSj it should, as before stated, be sufficently large to 
ensure a free and quiet flow of dry steam without priming ; 
and in reference to this particular part of the subject it is 
well to remember that the working water level may be 
reduced in a certain ratio as the working pressure of the 
steam is increased^ because the steam bubbles decrease in 
size (but not in weight) as the pressure rises. 

From this it follows that modern boilers can be worked 
with considerably less water surface area than in others 
carrying lower pressures, and the following examples will 
show the practical application of this. 

In marine practice the area of the working water level 
required for the evaporation of water to steam at any 
pressure from 50 to 3601bs. (read oif the steam gauge) may 
be found by the followiug rule, which illustrates the prin- 
ciple, and is approximately correct; — 

2-25 

Water surface in square feet ^ — -^ ^ x I.H.P. 

V Working pressure 
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Taking thr^ boilers, representing the compound, triple, 
and qiiadniple syfrtems, and working at 81. 169, and 2561b8. 
per Bquare inch respectively. Aggume they all develop the 
same power, viz„ 1000 T.H.P.— we want to show what 
difference there would be in their water level areas. 

Applying the rule, we have for the 
Compound^ 

2 25 2 25 

=z X 1000 = 250 square feet water level area. 

VSl 9 

Triple— 

2-25 



V169 

Quadrupb 

2-25 



2-25 



X 1000 ^= 174 square feet water level area. 



2-25 

= X lOOO = 140 square feet water level area. 



V256 16 

This shows what a material reduction there is as the 

pressure riaes, and that the water surface required decreases 
as the square root of the pressure increases. This rule may 
not apply to every boiler, but, unless exceptionally hard 
worked^ it will be found a fair average 



Man-holes and Doors. 
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Although man-holes and doors are important items in 
boiler construction, they have in the past, at all events, 
received but scant attention. Indeed, not many years ago, 
certain makers^ who had a reputation for turning out good 
work, did in a number of instances cut large holes in the 
shell circle, and never gave the slightest consideration to 
the necessity of fitting compensating or strengthening rings 
to make up for the material lost; and it was a usual thing 
to find a large majority of such holes cut the wrong way; 
that is, the longest diameter of the oval was in the direction 
of the boiler's length instead of being at right angles to it 

This, of course, was not done intentionally, but simply 
from a want of knowledge of the true principles which 
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goyem construction. Again, it oftea happened when 
makers had some idea that something of the kiud was 
required ; but it was of a very vague and hzzy eharacterj and 
generally took the shape of riveting a thin^ narrow, useless 
strip of iron round the opening, with holes in it absurdly 
pitched and so near the edge as to actually weaken it; the 
section of raetal on each side of the rivet in the ring being 
less than the area of the shell plate punched or drilled 
out for the rivet. As a rule, man-hole doors were and are 
now very roughly made and carelessly fitted; very often 
the camber on doors does not correspond to camber of 
shell, and when constructed to fit a fiat surface are just as 
likely to have a twist in them as not; in fact, their fittingt 
fairly or otherwise, in some shops is never even tried, the 
VForkman relying in blind confidence on the thiekneaa of the 
gasket or indiarubber for a tight joint. This has resulted 
in much trouble, many accidents and not a few explosions, 
for with unstrengthened holes and badly fitting doors, the 
tension on the shell plate is certainly not lessened ; on the 
contrary, it is concentrated and increased. This is specially 
so with leaky joints, which waste and materially weaken the 
plate. 

Where such conditions obtain the plate at the edge of the 
hole has not only to bear the steam pressure, which holds 
the door in position, but also the extreme strains, which are 
invariably put upon it by excessive * 'screwing up/^ in the 
hope (often vain) of making it tight. In such cases it 
generally results in the edges of the shell plate becoming 
buckled, and very often fraetiired.' usually at the points 
where the cross bars bear on it. and which, as before stated. 
Is in many cases the weakest part of the boiler. 

Strengthening rings shouM always be fitted, and their 
thickness should never be less than that of the plates they 
cover, while their sectional area should be at least equal to 
the amount cut ont. 

They should he well secured to the strnke of shell or other 
plating by a double row of rivets, judlGioualy pitched, and 



11*3 



well back from the edg-e of hole -, it must, in f aet^ be a real, 
and not a sliam ring. 

Sometimes it is not possible to get a breadth of ring equal 
to area cut out if made the same thieknesa. This, however, 
makes the best job, but where the breadth is limited, owing 
to rivets, seams, stays, etc., being in the way, the thickness 
of ring must be increased to make up for the re<|tured 
section. Cast iron domes, or necks, should never be fitted. 
They are. and must always be, an element of wealcness from 
the fact that the stretching powers of the two metals are 
very different, cast iron elongating so much less thaji 
wrought iron for the same strain, and if the two stretch 
together the east iron must of necessity break long before 
the breaking strain comes on the wrought iron. Ail man- 
hole doors should be fitted hot. screwed up, and carefully 
hammered metal to metal. This should be done before the 
shell or end plates, as the ease may be, are put together. 

Another thing productive of much trouble is that in a 
number of cases the stiffening, or guiding plate, is made 
much too shallow, and if the gasket or rubber be extra 
thick there is the difficulty and danger of not getting the 
door in its proper position. Many fatal accidents have 
occurred through this, because unless great care is exer- 
cised one is apt to get the door high, low. or too much to 
one side, and when the joint is screwed up the door \vill 
catch and jam, thereby making it almost a certainty that 
when the steam pressure eomes on it the joint will be blown 
out. 

In all doors, therefore, the stiifening, or guiding plates, 
shoiild not only be a decent fit, but they must be deep 
enough to project well through shell or end plates, even with 
the thickest gasket. 

The orthodox size of man-holes is generally 16in. x: 12in., 
and in all cylindrical shells should have their shortest 
diameter (12in.) placed longitudinally. In the construc- 
tion of doors the bolts taking the dogs, or cross bars, should 
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l^e made of the very best material, aod firmly screwed into 
them with a substantial shoulder, or collar, and if thin 
with a nut inside, the bolt ends being securely riveted over 
nut. When well fitted and of ordinary size two bolts are 
quite sufficient, and for small mud holes (which should also 
be strengthened) one is enough. The cross bars, especially 
for bottom man-holea, below furnaces should be forged 
with & large excess of material, as they waste much faster 
there owing to cleaning fire, wet ashes, etc. 

All man-hole dogs should be forged out of the solid, and 
all holes should be drilled ; the feet should be carefully 
bedded and bear fair and square all over and not on points, 
which they often do if not looked after. The nuts on the 
bolts should be extra deep and square. 

All holes cut in shells, domes, and superheaters for boiler 
mountings, such as atop-valves, check-valves, ajad steam- 
eocks, should have wrought iron or ateel plates or rings 
riveted roimd such openings, and all such rings or plates 
should have a thickness at the thinnest part equal to that 
of the plate they cover; the top surface, which takes the 
flange of the cock or valve should have a true turned siir* 
face, and as a rule are made considerably wider than the 
vaJve flange to which they connect; this ensures ample 
sectional area and a tight joint. Cast iron should (for 
reasons previously given) never be used for this purpose. 

For modern high pressures, raan-hole doors, as above 
described, are not good enough; practical working, much 
trouble and many mishaps soon demonstrated that ; hence 
all or nearly all doors are now made by machinery ; they are 
stamped, or as some call it "embossed," out of one piece 
of plate ; the surfaces are made perfectly true, while the 
oval in the ring as well as in the door is also turned in a 
special lathe, so that all such doors can be made absolutely 
tight with very little trouble. 

Figures 18 and 19 represL^nt the ordinary door with 
strengthening rings of the required sectional area for the 



119 



anioTUQt cut out, and also show the proper arrangeineut of 
rivets. The f o llo win g will ill ustrate how the required 
breadth and section may be foimd: — 

Assume the shell plates to be Jin. thick and the dimensions 
of manhole 16in. x 12in. We want to eompenaate for the 
material drilled or punched out. How much have we lostl 
Here it is evident the loss must be equal to a strip of plate 
12in. long and Jin. thick; therefore 12iu. x -Sin. = 6 square 
inches altogether, and this is what we must make good. If 
the ring is the same thickness as the shell plate— viz., Jin. — 
it is clear that its breadth must be 6in., which would give 
the required section (6in. x 2 x -5^6 square inches) ; but 
this section will be weakened by the rivet holes* which will 
probably reduce its strength, say, 20 per cent. It will still, 
however, be as strong as the longitudinal joints, which are 
seldom stronger than 80 per cent, of the solid plate; but 
although from this point of view the ring would be strong 
enough, still it is desirable to be on the safe side, and many 
makers leave a section equal to that cut out, exclusive of 
the rivets. 

Take the same example^ and suppose there is not sufficient 
room to fit the ring of the same thickness. The breadth will 
be less, but we can get the same section by increasing the 
thickness. For instance, how much would the breadth be 
reduced if we make the ring fin. instead of Jin., and taking 
the longitudinal joints at 80 per cent.? Here, 12in. x *5in, 
= 6 square inches removed from the shell plate in a longi- 
tudinal direction j therefore the sectional area in the ring's 
breadth must be 3 sq. in. x -8 ^^ 2-4 square inches of sec- 
tional area actually required. If the ring is secured with 
two rows of rivets, aa shown, each xjfin. in diameter, then 
the area of each rivet will be approximately -5 sq. in.; 
therefore -5x2^1 square inch of rivet section, and 1 + 2-4 
= 3-4, which, divided by the thickness, -TSiu. = 4Jin., the 
breadth of ring. 

A good safe rule, and one easily remembered, is to make 
the breadth of strengthening rings (when the thickness is 
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the same aa the plates of the cover) equal to half the least 
diameter of man-hole; and where there is plenty of clear 
space, a good square plate of ample section, as sliown in 
Figure 19, may be fitted with eeonomy and advantage. 




A fair sample of a modern high pressure door is repre- 
sented in Figure 20. The strengthening ring is fitted from 
the inside of boiler, the surfaces are all turned true, and the 
joint can be made perfectly tight by the same means and in 
the same way as a cylinder cover. Another thing that 
recommends this particular door (McNeil's patent) is — it 



can be easily got at and caulked from both sides; there is 
BO straining, and you have a first-class joint op which you 
can depend with all confidence. 



Riveting. 

We now pass on to eousidcr the all important question of 
riveting. There are few mechanics who do not know that & 
riveted joint is not so strong as the solid plate, although 
until Fairbairu's time, and even for years afterwards, many 
were widely astray on this point, and even at present it takes 
some trauble to convince unreflecting people of the fact. 

In punching holes along or near the edge of a plate a 
little reflection will make it clear that the plate must be 
weakened in proportion to the amount of material punched 
out, and that it is impossible to retain the original section 
of the iron or steeL 

Consider a boiler plate unpunehed : we have the whole 
section untouched, unimpaired, and thia is usually expressed 
by saying that the solid plate is always equal to 100 per 
cent.; but if we driU or punch any holes in it. then this 
percentage must be reduced. Assume we punch lin. holes 
in it, and that the ^* pitch," or distance, between the centres, 
is Sin. How much have we lost? 

Here it is evident that every alternate inch is a hole lin. 
in diameter ; therefore the amount of material left between 
the edge of each hole must be lin. and no more. So that 
we have reduced the original strength of the plate one- 
half; that is, by drilling lin. holes in any plate of any 
thickness whose centres are 2in. apart we bring the solid 
plate (equal to 100 per cent.) down to 50 per cent. If we 
put a double instead of a single row of such holes^ retainiHg 
the sfjme pitch, viz., 2in,, would it make the plate section 
any stronger? No. not a bit stronger, even if we bad 10 
rows instead of one. Why? Simply because although we 
increase the number of rows, we punch or drill the same 
percentage of plate out of each row, consequently the 
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reduced strength in each row remains the same. The only 
way to augment the strength is by ittcreasing the pitch: 
thus: — If we make the distance between the hole centres 
Sin. instead of 2in., it is very evident that the percentag:e 
of plate left between the holes must be greater. How much 
greater ? 

The holes being lin, and the pitch 3in., we have punched 
or drilled out exactly one-third, or 33-3 per cent, of the 
material, consequently, we must have 66-6 per cent, of plate 
section left between the holes. If the pitch were 6in., we 
should lose one-sixth ^16-6 per cent,, and 100 — 16*6 = 
83 4 per cent, of plate left; and if the pitch were lOin.. 
we should lose xV^h- ^^^ have 90 per cent, of plate left, so 
that as above stated, the strength of the plate section 
depends entirely on the pitch or distance between the hole 
centres. That it is necessary to direct special attention to 
this elementary item of instruction is proved by the faet 
that in this country — in our principal cities, and also in 
the country districts— it is no exceptional thing to find 
boilers specified and constructed with two and three rows 
of rivets in the longitudinal and other seams, whose pitch 
is only suitable for a single row? that is, two-thirds of the 
rivets are absolutely useless — one row being as good and 
equally as strong as two or three. This simply means a 
waste of good material, more weight, and extra expense. 
without the slightest additional strength. 

Having seen how the plate section should be treated, 
we have also to consider carefully the size and section of 
rivet. When two plates are riveted together, whatever 
amount of plate section is left between the holes should 
be proportional or equal to the sectional area of the rivet 
— that is, if the plate section be 50, 60, or 70 per cent, 
of the solid plate, the respective sectional area of the rivets 
should be the same. This in some cases cannot be arranged 
to be exactly equal, but there is no difficulty in makiug 
the strength of plates and rivets near enough for all prac- 
tical pui^oses. 
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With iron plates and iron rivets, it is usual (althcmgh not 
strictly correct) to assume that the strength of the plate iu 
tension and the strength of the rivet in shear are equal— 
that is^ the tensional force required to break a square inch 
is equivalent to the force required to shear a square inch. 
This strength is usually taken as being equal to 47000 lbs, 
per sq, in, 

"With steel plates and steel rivets, there is a material 
difference between the tensional strength of the plate and 
the shearing strength of the rivet. How much? The plate 
is generally taken at 28 tons, while the rivet is only equal 
to 23 tons, per aq. in., which means that if the plate and 
rivet section be of equal area, the former is 18 per cent, 
stronger than the latter— {|| = -82, and 82 + 18 = 100), 
Consequently with steel plates and steel rivets, to make the 
joints proportional, the sectional area through the riveta 
should be 18 per cent, more thnn the sectional area through 
the plates— that is, ^f the plate section is 82 per cent., the 
rivet section should be 100 per cent.^ because 100 x f | :^ 82, 

In e:x:ceptioual cases rivets are subjected to a tensional 
strain only, as in steam space staying, where the stay ends 
are secured between double angle-irons, etc.t but nearly all 
rivets have to bear a shearing strain generally. In all kp 
joints the rivets are in single shear— that is, the shearing 
strain can only act on the seetional area of the rivet, and 
no more. It can only shear in one place, but in all joints 
fitted with double butt straps (one on each side) the rivela 
are in double shear, and if properly fitted must shear in 
two places, the area to be shorn being doubled. Theoretic- 
ally, the strength should be doubled also, but practical 
experiment has demonstrated that we only get 1-75 instead 
of 2, as the average value of double shear, and this decrease 
of strength is assumed to be caused (as previously ex- 
plained) by the rivet being subjected to a severe shearing 
and tensile strain at the same time, excessive hammering, 
contraction in cooliog, etc, 

In engine and bridge work, when double eyes and links 
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are truly bored and the pins carefully turned, fitted and 
only exposed to shearing strain, we get approximately the 
theoretical value of the double shear j but the work miLst 
be very accuratej of the highest class, and the strain equally 
distributed. 

There is considerable variety in the arrangement of boiler 
joints, there being no less than from 20 to 30 different and 
distinct methods of riveting, but in ordinary practice the 
number may be reduced to 16, which will embrace all that 
is necessarj' fo^ the present purpose. The various rules 
which apply to and govern boiler riveting may, and no doubt 
will, appear at first sight somewhat complicated and confus- 
ing, but the working out of practical examples for each 
individual joint, will, it is hoped, be suifieient to enable any 
mechanic of average capacity to not only understand, but to 
apply the rules to his daily work. 

Cylindrical Boiler Shells— Joints with Drilled 

Holes. 



Formulse for ordinary zig-zag riveted and chain riveted 
joints, and also for joints of these descriptions when every 
alternate rivet in the outer, or in the outer and inner rows 
has been omitted (Board of Trade Notation) : — 

Let E ^ distance from edge of plate to centre of rivet in 

inches. 
„ V = distance between rows of rivets in inches. 
„ V^ = distance between inner and middle row of rivets 

for joints J and K (Figs. 35 and 36). 
„ B ^boiler pressure in lbs. per square inch, 
„ C ;== 1 for lap or single butt strap joints. 
„ C ^1-75 for double butt strap joints. 
„ <f = diameter of rivets in inches* 
„ D ^diameter of boiler in inches (inside). 
„ F = factor of safety for shell plates. 
„ « ^ number of rivets in one pitch. 
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Let pD = diagonal pitch in inches. 
„ Fd = diagonal pitch in inches between inner and 

middle rows of riveta for joint J. 
^f P = greatest pitch of rivets in inches, 
^j r ^=^ percentage of plate left between holes in greatest 

pitch. 
„ E = percentage of rivet section. 
„ Bj ^percentage of combined plate and rivet section. 
„ S = tensile strength of material in lbs. per sq. in. of 

section, 
^^ S^ = tensile strength of plates in tons. 
„ T = thickness of plate in inehes. 
^^ Tj =^ thickness of each butt strap in inches. 
„ % ^ least value of r, R, Rj , as the ease may be -H 100. 
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Examples. 
All the drawings are for steel plates and steel rivets. 

— TTgt £K— 




Single Riveted Lap Joint. 



Referring to Figure 21, we have a single- riveted lap-joint, 
which represents the most simple method of riveting. To 
calculate its strength, we must measure three things, viz. : — 
Pitch of rivets, diameter of rivets, and thickness of plates, 

The *' Plate Seciion Formula'^ for iron plates and iron 
rivets, or steel plates and steel rivets, is the game, viz. : — 

(p _ d) X 100 

= r the per cent, of plate section, 
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and by referring to the notation will be foTind to mean tliat 

the 

(Pitch — diameter of rivet ) x 100 



Pitch 



percent, of plate section. 



For the rivet section in iron plates and iron rivets, we have 

d^ X ^7854 X n X 100 

. = R the per cent, of rivet section, 

px T 

which, according to the notation, means that the 

Area of rivet x No. of rowa x 100 . 

. . ;= per cent, ot rivet section. 

Pitch X thickness 

When plates and rivets are of steel, we have to allow for 
the difference between the tensile strength of the plate and 
the shearing strength of the rivet, which is as 28 tons 
to 23 tons ; then the formula becomes {for single shear) 

d^ X *7S54 X 7i X 100 X 23 

:- ~ — — ^= B the per cent, of rivet section, 

2? X T X 2S 

Applying the rules to Pignre 21, we have in plain figures 

(for steel plates and steel rivets) : — 

Pitch of rivets , . 

Diameter of rivets 

Thickness of plate , , ^in. 

2^0626— -9375 X 100 

— = 54-5 per cent, of plate section. 






and 



2 0625 



area. nnr. 

■69x1x100x23 
2-0625 X -5x28 



■^ 55 per cent, of rivet section. 



The distance between edge of plate and centre of rivet is 
ly^in., which gives ua an amonnt of material from edge of 
rivet-hole to edge of plate of about iVin. in excess of the 
rivet's diameter, and in no case should this dimension be 
less than the rivet ^s diameter. 

If the plates and rivets had been of iron and we retain the 
same pitchy it is evident we can get a slightly increased 
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percentage of strength witK a smaller rivet, and the joint 
would come out as follows: — 

.. 2TVm. 



2-0625 



Pitch of rivets , , 

Diameter of rivets 

Thickness of plates 

■875 > 100 

= 57-5 per cent, of plate section. 



|in. 

iin. 



and 



2 0625 



area, row, 

'6 X 1 X 100 



^ 58 per cent, of rivet section. 



2-0625 X '5 

Assume we have a steel boiler 72in. inside diameter and 
^in, thick, and that the longitudinal joints are riveted, as in 
Figure 21. At what pressure would we work it ? 

Taking the steel at 28 toua (627201bs, per square inch), 

the strength of joint at 54 per cent., and a factor of safety 

of 5J, we would have 

62720 X -54 X (-5x2) 
— - — ——^ ■ ^ 851bs, per sq. in., W.P. 

Had this boiler been of iron we would have — 

Strength of iron, 470001bs. per sq. in. 

Strength of joint, 57 per cent, of solid plate. 

Factor of safety, 5 J. 

And — 

47000 X -57 X (-5x2) 

-^ — — r= 671bs. per sq. in., "W.P- 

7^ X 5-5 

Expr^sing the above in accordance with the notation 

formula it would be 

Sx 7cx (2xT) 

— — — — B, the working pressure. 

Keferring again to the figure 21, it will be observed that 
in all single riveted lap joints there is only one rivet in the 
pitch, as shown in the shaded rivet; also, that its sectional 
area must be made equal, or, at all events, approximately 
equal, to the percentage of plate section left between the 
holes. 
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Double Riveted Lap Joint, Zig-za.g and Chain. 

Fignires 22 and 23 represent two double riveted lap joints, 
in which the pitch, diameter of rivets, and thickness of 
plates are the same io both, eonsequeiitl3% the strength of 




— F7a ^i 




the two joints is exactly equal, but the style or desi^ in the 
arrangement of the riveting is different and distinct. 

This IB usually expressed by saying that one ia zig-aag 
and the other chain riveted. 

Although the respective strengths are equal, it is the usual 
practice in boiler work to prefer zig-zag to chain for two 
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reasons — 1st, because for tightness of joiat. the rivet section 
is better distributed, and 2nd, beeatise we require less 
material, as the breadth of lap is considerably reduced. 

In zig-zag riveting the amount of metal measured diagon- 
ally between the edges of rivet holes should be from 27 to 
30 per cent, greater than half the metal between two holes in 
the horizontal or main pitch, otherwise the plate will be 
weakest through the diagonal pitDhing. Thi? Board of 
Trade Rule for Diagonal Pitch in this class of joint is 
6 X p + 4 ;< d 

10 — = P°' 

which means that 6 times the main pitch plus ^ times the 
diameter of rivet -> 10 gives the diagonal pitch. This, 
however, ia a minimum rule which scarcely leaves sufficient 
metal, and might be improved by making diagonal pitch 
equal to main pitch x -Bb + -35 of diameter of rivet. 

In chain riveting, the distance between the rows of rivets 

4: X d +1 

in this class of joints is found by the following; — — 

z 

^ the distance between the rows, measured between centres 

of rivets, and in no ease is V to be leaa than twice the 

diameter of rivet. 

Rimning out the strength of Figures 22 and 23, we have in 

plain figures, for steel plates and rivets— 

Pitch of rivets . , . . 3YViii- 

Diameter of rivets . . lin. 

Thickness of plate . . fin. 

3-0625 — Ix 100 
Then = 67 % of plate section, ' 



And 



3 0625 

Btree.. rows. 

■7854x2x100x23 
3-0625 X -625x28 



67 ■ 4 % of rivet section. 



If the plates and rivets had been of iron retaining sante 
itch, we can, as in the single lap-joint, get a slightly in- 



tome "vnTiid: ifjinif-onr as ^lilowiF: — 



^9 i I'.'O 



= 7Z. r .>r TTV«- «eeT3Dit- 



: '^25 '^25 

V jjMi rtii n cr -«> jad .1 "^ceeL 'loiIeF ~!^zi. izmide- vnanwiGer and 
fiiL tkieit. ind "hat x "va» TTVTFted is jt Fiznre- :2i dc viut 

Htrpmstfa. jf -iie «eet . . riZT^IbR. per. aq. in. 

rytTpnyrti >f ;oint leesr ST ' v -if aofid plate 

Paen>r »f <a3Ety 5*. 

Ttei: — 

(52720 ^T -J25 2 ^ 
= I321bB- vorklue p n . ■ um * 

72 5* 5 

If the Toiier had 'leen >f irrm. -m^ wooid have 

?itr«sigrfi )r :«>mr least SI* % nf soiid plate 
Factor of samv . . 5*. 

4T000 - ti^) ♦525 2 

= I*32Ibsw, wurkiii g ppeaBare. 

72/ 3o 

Expreswii^ ^*^ ab<ive by rommia. we Eiave 

:^ < % •■ 2 ^ T 



^ B- tiie boiler pressure. 



F ^ D 

R»femii^ a^?am t*^ tie Fionres 22 and 23. it sbould be 
noted in the zig-zae ioint there are two rrrets in eaeh pitch 
_ODft whole rivet and two halves^-and that the sliaded parts 
show very clearly what each rrrct has to do. As in the 
ginoJe lap-joint, the eombined sectional area of tlie rivets 
'n ea'-h pit^-^ ^» approximately equal to the pm^ntage of 
olftte (le^^ioTi left between the holes. In the chain riveted 
' • f fFilf- 23 J, it is precisely the same, only the riveting 



pit 



differently arranged. There are two whole rivets in each 
itch, aud the distance between the rows of rivets is 

= y 



2 



this ease : — 

4x1 + 1 



2 



= 2-5]ii. between the rows. 



In all the drawings given in eonneetion with riveted 
Joints, the letters of the formula are placed at one end and 
the plain fignrea at the other, so that any one can see at a 
glance what the actual dimensions are. This will assist the 
student in beeaming familiar with the notation, and fix in 
his mind what the respective letters represent. 



Treble Riveted Lap Joint, Zig-za^ and Cliain, 

Figures 24 and 25 represent the ordinary treble riveted 

lap joint f6r steel plates and steel rivets, 

Both joints are exactly the same strength, the only 

difference being in the arrangement of the riveting. 

Double and treble riveted lap joints are very similar, but 

by having three rows of rivets instead of two, we are 

enabled to widen the pitch aud increase the rivet section in 

proportion, so that the percentage through plates and rivets 

gives us a stronger joint. 

Running oid the flgTires for the zig-zag riveting, as given 

in figures 24 and 25 we have: — 

Pitch of rivets . . . . 4in. 

Diameter of riA^ets 

Thickness of plate 

4— l'0fi25y 100 
Then — =73-4 per cent, plate section, 



lyV in* 

5in, 



area, rowe. 



And 



386x3x100x23 



= 72-7 per cent, rivet section. 



4x -75x28 

If the plates and rivets had been of iron, we could (as 
shown in previous examples) get a slight increase in the 
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percentage with a amaller rivet, provided we retain the 
sanje pitcli, and the joint would come out as follows :— 

Pitch of rivets . . . . 4iii. 
Diameter of rivets . . liu. 

Thickness of plates . , flD. 




Then 



1x100 



75 per cent, of plate section, 



■raa. rows. 



And 



■7854 X -i X 100 
4 X '75 



— 78 per cent, of rivet section. 



1S3 



In the chain riveted joint (Pig. 25), we mtisrt see that V 
(the distance between the rows) is correct, which in this case 



IS 



r 



4x1 + 1 



2 



-= 2 -Sin. the same as in the double lap. 



The working pressure of a steel boiler shell riveted as 
above, assuming it to be 10 feet inside diameterj |iii. thick, 
and riveted aa in Fig. 24, would be : — 

Strength of steel ,, 6272(3 

I Strength of joint (least) 73 per cent, of solid plate 
Factor of safety . . 5^ 



Then 



62720 X -73 X (-75x2) 



^ 1041bs. working pressure. 



120x5-5 

Had this boiler been of iron, then : — 

Strength of iron . . 47000 

—^ Strength of joint (least) 75 per cent, of solid plate 

B Factor of safety . . 5J 

Then 

47000 X -75 X (-75x2) 



= SOlbs., working pressure. 



» 120x5-5 

In the treble riveted lap-joints it will be observed that 
they are exactly the same strength, and that in the zig-zag 
the rivet section in the main pitch is equal to two whole 
and two half rivets, while in the chain this section is equal 
to three whole rivets, as shown by the shaded parts on 
drawing. 

_ Quadruple Riveted Lap Joint. 

Quadruple riveted lap joints are used in girder, bridge 
and ship work, but seldom or never in boiler construction. 
They are set off and proportioned in the same way as in 
double and treble lap, the only distinction being that having 
four rows of rivets we can get a wider main pitch, which 
enables us to increase the strength percentage of plate 
section, and by having a proportional rivet section we get 

stronger joint. 
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Example.— Steel, 



4TVia. 



Pitch of rivets . . 

Diameter of rivets , . Jin. 

Thickness of plates . . fin. 

40625^ '875x100 

■ = 78-4 per cent, plate section. 

-6 X 4 X 100 ?< 23 

40625x '625x28 



^=^11-1 per cent, of rivet section. 



Had platea and rivets been of iron the stren^h percentage 
would be fractionally more, with a less diameter of rivet and 
a Blight increase in main pitch. 

Pitch of rivets . . . . 4Jin. 

Diameter of rivets .. x^in. 

Thickness of plates , . fin, 

4125-" 8125x100 
liftJ'e = 80-3 per cent of plate sectioa 



And 



4 125 

^515x4x100 

4^25 X m^ 



80-6 per cent, of rivet section. 



This prtictically finishes the ordinary lap-joints, in which 
it will be aeen that all the rivets are in single shear. Also 
that single and double shear is represented in the notation 
formula by the letter C, but as C in lap jointing is equal to 
unity, or 1, it is not neeeasary to introduce it into calcula- 
tionis for this class of joint. 

We have now to consider "Butt Strap Joints/' in whkh 
the rivets may be in aitigle, but are almost always in double 
shear. All the drawings are for steel plates and steel rivets. 

Single Riveted Double Butt Strap Joint. 



Pigiire 26 shows a double butt strap joint, single riveted— 
that is, there is one row of rivets on each side of butt, and 
its strength is ascertained in the same way as in lap-joints^ 
only that we have to take into consideration the fact that 
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all the rivets are in double shenr. which, of course, materially 

affect,s the plate and rivet section, Beferring to the Figure, 

we have 

Pitch of rivets . . . . 2VV in. 

Diameter of rivets , , Hi^- 
Thickness of plate . - ^in. 

Find per cent, strength through plates and rivets which 

are all steel. 



— Fr<w. g<p.— 




Here 



2-3125" '8125x100 



2-3125 



64 per cent, of solid plate. 



and 



'518x1x100x23x1-75 



2-3125 X -5x28 
The same joint in iron would be 
Pitch of rivets , , 
Diameter of rivets 
Thiekness of plate 
2-3125— -75 X 100 



64 per cent, of rivet section. 



tV in. 
}in* 



Then 



2-3125 X -5 



;= 67-6 per cent, of solid plate. 



and 



area, m\f, 

44 X 1 X 100 X 1 75 



2-3125 



= 66*6 per cent, rivet section. 




--3C 



.r -.xnar 0- -^. 
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r-'^frrfi. ifl -mow:! :s. Fiirnr^ :!!i. "wi* iav^ 5ir lie scrap s 



n-4ii rxs .;<jmr "i»i*^L irre*i Tirii 1 snsie. iaaciad of a 

.> T 



*f./2 .r. r'c.'.A :a.^ X 'i_,i :»t — z — = ->iJ25in. or ^ in. thick. 



Doable Riveted Donlde BaU Stnp Joint, 
Zi^-zag and dudn. 

iUifenini^ to FigTires 27 and 2S,wie have two doable riveted 
flfftiUU: \mii vtrap joints of exactly the same strength, only 




(as in the other examples) one is zig-zag and the other 
chain riveted. 

To a practical eye the zig-^ag riveting mu^t commend itself 

^TTa 2:7.— 




as being much more likely to make a good and tight joint 
than the chain riveting, and we also get the same strength 
with less material* By double strapping boiler joints we 



■ yviin u 
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are €Dal»l«d fthrooirii iht rfvete bdnp in douUe shesr) to 
mutmt the nT€t seetion eoonderablr in &Dtem of ttat 
•btamable m dorabie rireted lap, and w can do tills with a 
malirr met. wfajeh ako means a wider main piteh. and 
eanseqnently a prvportkittid incretse in the percentage of 
plate ■cetioD. besides having the shell, or furnace, as the 
ease mxy be, more truly cyilmdneal — a Terr important 
item in these days of extreme prcsores. 

RiinniDg out the strength for the donble bntt strap doubly 

rireted joint (Figure 27), we have 

Pitch of rivets . . - , 3|in. 

Diameter of rivets . , fin- 

ThieknesB of plate . . fin. 

;i 625— '875x100 
Here ^-i = 76 per cent, of solid plate. 



And 



3625 



6x2x 100x1-75x23 



^ 7€-3 per eent, of rivet section 



3-625 X '625 x 28 
With iron plates and iron rivets we would get a slightly 
stronger joint, because the rivets could be smaller, and 
consequently the main pitch would be increased. 

Pitch of rivets . - . . 3f in. 

Diameter of rivets 

Thickness of plates 

3-75— -8125x100 

- ^ 78 per cent, of solid plate 



Sin, 



Here 



And 



3-6875 



rowB. 

■518 X 2x lOOx 1-75 



3-76 X -625 



= 77*4 per cent, of rivet section 
Regarding the butt straps, the same thickness 



appli 



steel and iron, and we have 



5 X "625m. 

8 " 



39iD. thick or fin. full. 
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Treble Riveted Double Butt Strap Joint, Zigzag 
and Chain, 

Figures 29 and 30 show the ordinary treble riveted double 
butt strap joints — one zig-zag and the other chain riveted. 
They represent the strongest joint used in boiler construc- 
tion, when the rivets are evenly pitched, the strength 
through plates and rivets being approximately SO per cent. 
of solid plate. 

The calculation is similar to the double riveted butt strap, 
only we have three instead of two rows of rivets on each 
side of the butt. As in the other examples, both joints are 
precisely the same strength, and talfing the zig-zag riveting, 
we have in plain figures: — 

^^- Pitch of rivets , . i^iii. 

^^^^^ Diameter of rivets 

^^^^1 Thickness of plates 

I Aq( 

I arra 



Tw in* 



fin. 



Then 



4-875 



9375 X 100 



4-875 



= SO per cent, of solid plate 



crea. row*. 

■69 x3x 100 >; 1-75x23 

I 

4-875 X -75x28 



^ 81 per cent, of rivet section 



If plates and rivets had been of iron the joint might be 

arrant^d as follows: — 

Pitch of rivets . . . - 5in. 

Diameter of rivets . . Jin, 

Thickness of plate . . fin. 

5— -875 X 100 

— — — ^82-5 per cent, of solid plate 



Then 



And 



6 X 3 X 100 X 1-75 
5x -75 



84 per cent, of rivet section. 



M shown, there are three rivets in the main pitch, two 
whole and two halves in the zig-zag, and three whole rivets 
in the chain. In this joint also the butt straps are the 
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I 



same thickness for steel and iron. Therefore in both cases 

we "Would have 

5 X -75 

— - — = -47111. thick, or. say, -Jin. 
8 

This practically finishes T?phat is understood by ordinary 

riveting, as usually met with in boiler construction, and the 

value of the various joints may be approximately set down 

as follows (for steel platea and steel rivets) : — 



I 



54 per cent, of solid plate, 
73 



roo the joints are 



Single riveted lap . . 

Double riveted lap . . 

Treble riveted lap , , 

Quadruple riveted lap . . 78 

Single riveted butt strap . . 62 

Double riveted butt strap , . 75 

Treble riveted butt strap . . 80 

Quadruple riveted butt strap 83 

When the plates and rivets are of 
from two to three per cent, stronger, for reasons previously 
explained, while the difference in the tensile strength of the 
steel or iron may be approximately taken and expressed aa 
62720 is to 470001bs. per sq. in. 

Riveted Joints,— Chain and Zig-zag. 

Examples of joints in which every alternate rivet is 
omitted in the outer row, or in the outer and inner rowa. 
All the drawings are for ateel plates and steel rivets. 

In all such joints the rivets are unevenly pitched. They 
are generally known as "high per centage" or modern 
joints, while their design, arrange ment, and strength differs 
materially from the ordinary riveting already described. 



Double Riveted Double Butt Strap Joint. 

Take Figures 31 and 32, representing double riveted, 
double butt strap joints, in which the *^ pitch*' of the outer 
row is exactly double the pitch in the inner row. We want 
to ascertain their strength. Assit'tning all the other dimefi- 



in 



9ion3 to he correctly proportioned^ the ealeulation is aarri* 
out in precisely the same manner as in the urdinarv double 
riveted, double butt strap joint, and for zig-zag riveting is 
as follows I — 



^TTfir o\ 




— JTor ^2.— 




Pitelfc of rivets . . 4|in. 
Diameter of rivets }* in. 
Thickness of plates ;Jin. 
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Here 



4-375 —^8125x100 



4-375 



-^ 81-4 per cent, of solid plate. 



And 



F 



urea, riveta. 

;518x 3x100x1-75x23 



= 81.77 per cent, of rivet section. 



tf° 






4.376 X -625x28 
According to the figures, we have a strong ppaportional 
joints but there are several things in connection with it that 
require to be explained and understood before its design 
and arrangement can be appreciated. 

A practical mechanic, looking at the first joint, would 
naturally argue something like this: "Yes, the figures aa 
given and worked are all right, but the strength of the plate 
section has been taken at the wide jnich only; the strength 
at the narrow pitch is never mentioned, and, as the pitch 
ihere is only 2jifin., it is e\'idei]t the plate section must be 
very nmch weaker than at the wide pitch, which is just 
double — viz.f 4| in, — and as you have already told us that 
the only way to increase the strength of the plate section 
was by increasing the pitch of the rivets, it appears that 
some satisfactory explanation is required in order to clear 
up this apparent ineonsisteney," 

Now, all this is oDly what might he expected, but the 
following explanation may perhaps be suflfieient to make it 

derstood. 

Look at the figure again, and a little reflection will con- 
vince you that before the piate seetion at the narrow pitch 
can be separated the shearing strength of the wide pitched 
rivet must also be overcome, or, to put it another way, we 
might say that the shearing strength of the wide pitched 
rivet is to be added to the narrow pitch plate section, and 
hat by doing this it can be proved that the percentage at the 
narrow pitch, plus the shearing strength of wide pitched 
rivet, is as strong (and, in fact, stronger) than the plate 

ction at the wide pitch. 

Another question which would probably crop up is this : — 

re we justified in adding the whole strength of wide 
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pitched rivet to the narrow piteh plate section 7 No, we are 
not ; we can only add one-half of it. Why ? Because there 
lire two pitches to one wide pitched rivet; therefore the entire 
sheariBg strength of this rivet must be equally divided 
between the two, as can be clearly seen by examining draw- 
ings 

To prove what has been said, let us work the whole thing 
out in plain figures. To repeat : AVhat we want to do is to 
show that the plate's strength at the narrow pitchy plus ^ the 
shearing strength of the wide pitched rivet, is fully equal to 
the strength of the plate section at the wide pitch. 

The narrow pitch is equal to -—^ = 2f^ in. 

Therefore — Narrow pitch of rivets is 2^ in. 

Diameter of rivets is 

Thickness of plates is 

2-1875— ^8125x100 
Here „ = 62-8 per cent, of solid plate, 

to which we have to add ^ the strength of a 
in double shear ^ equal in this ease to the area of 

■518 

— -^ -259 of a square inch. 



^^ in 

|in. 






rivet 



Then 



■259 X 100 X 1-75 X 23 



= -27-25 per cent, of rivet 



2a875x -625x28 

section to be added to the plate section at the narrow pitch, 
ao that we have — 

Percentage of strength at narrow pitch .. .. 62 8 

^ the shearing strength of wide pitched rivet . , 27-25 

Total strength at narrow pitch + ^ rivet*a strength 90^05% 

This shows that the narrow pitch, calculated in the above 
manner^ is about 8^ per cent, stronger than the plate section 
at the wide pitch. But it may be asked. Why should there 
be a difference of 8J per cent. : why not arrange ao that they 
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may be tlie same strength? Simply because in ordinary 
working practice we cannot arrange the plate and rivet 
section to correspond exactly; and in joints of tliis class, 
where the plates are thin — that is, where the rivet 's diameter 
exceeds the plate's thickness — this difference in strength is 
greatest; but in treble riveted joints of this description, 
where the rivet's diameter and the plate's thickness 
approach each other^ this difference is much less, as will 
be shown. 

To make the various percentages correspond in this joint 
would require the introduction of different sized rivets, 
which is neither desirable nor necessary^ but H is satisfac- 
tory to know that the faidt (if any) is on the right side, 
and that in all cases the ^'narrow pitch'' is always the 
stronger. 

Whatever small discrepancy there may be in this or any 
other joint is always checked by the standard rule **that 
the weakest percentage through plates or rivets invariably 
forms the basis of the calculation." 

In Traill's excellent tables for all kinds of riveted- joints, 
the whole of the proportions, pitches, rivets, etc., are given 
to three decimal places, but for ordinary boiler-making this 
is a refinement in accuracy which can scarcely be carried 
out. Knowing this, it will be observed that in our ex- 
amples the plate's thickness and rivet's diameter are given 
to the nearest yV i^-' which will commend itself as being 
more in harmony with practical work 

Then as regards the butt straps for this particular joint, 
we have to remember that the '^narrow pitch** weakens the 
plate section considerably more than in the ordinary double 
riveted **butt/' where by comparison it will be seen that 
for the same thickness of plate (fin.)- and in evenly pitched 
rivets, we get 76 per cent, of plate section, whereas in this 
joint we only get 62 per cent. This is due to the material 
difference in the respective pitch of the rivets, which for 
ordinary riveting is Sgin., whereas in the narrow pitch it is 
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only 2f\in. ; therefore, it is evident that in this joint the 

butt strap must be weakened in the same ratio. 

To provide and compeD^ate for this weakness, it becomfis 

neceiMiHry to make these particnlar butt straps stronger, 

and this ih done by making the straps proportionaDy 

thicker, henee we have the following rule: — 

5xT (p — d) 

=^ T, the thickness 

8x (p — M) ^ 

when the number of rivets in the inner row is double the 
number in the outer row. This applies to steel and iron. 
Applying this to our joints we have:— 
5x -625 X (4^375— -8125) 

8 X (4 375 -1625) = '^ "^ ^^"- *^"^- 
Tn ordinary riveting the thickness of the butt straps would 
only be Jin., so that in this ease we have to increase the 
thickness ^33 per cent, to bring it up to the standard role. 

Another feature which should be specially noted is that in 
the ordinary double riveted ''butt," we only get two whole 
rivets in one piteh, whereas in this we have three, viz^ two 
whole and two halves in the zig-zag. and three whole rivets in 
the chain. This is clearly shown by comparing the shaded 
rivets in Figs. 31 and 32 with Figs. 27 and 28. 

Yet another item which requires special consideration is 
the distance between the rows of rivets, and what we have 
to provide for is. that each rivet shall have an ample zou« 
or section of metal surrounding it, to take the strain without 
in any way interfering or encroaching on the zone or 
section of any other rivet; or to put it another way, we 
might say that each individual rivet must have a sufficiency 
of metal around it to take all the strain, and whatever its 
breadth may be, we must arrange it bo as to be entirely 
clear of the zone or section required by any other rivet. 

This will be more clearly understood by an examination of 
Figure 37, which shows the required bands of steel drawn 
around each rivets and which is more likely to be impressed 
on the mind than any elaborate explanation (see pages 
168-9). 
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The Rule for the ^'Distance Between The Rows" in this 
joint is aa follows (zig-zag riveting) t — 



y/ m ^ P + d) X (^ X p + d) ^= Y, the distance between 
rows. 

Running this out in plain figures we have i — - 

V (^x 4-375+ -8125) x (5^x4375+ ^8125) = l-82in., 
or say IJin., the distance between the rows. 

For the *' Diagonal Pitch" we have by formula — 
i^ y.p + d ^^ pD which in this ease would be : — 
-nr ^ 4-375 + -8125 ;= 2in. the diagonal pitch. 

Take another example, in which the 

Wide pitch of rivets is 6}in. 

Diameter of rivets „ Ifin. 

Thickness of plate „ lySvin- 

6-75 _ 1-375 X 100 

— — = 79-63 % of solid plate 

area, liyeti. 

1-4848x3x100x1 75x23 
6-75 X 1-1875x28 



= 79*88 % of rivet section. 



Narrow pitch of rivets is 3fin, (-J of 6f ) 

Diameter of rivets „ Ifin- 

Thickness of piate „ lyl^in. 

3-375 — 1-375 x 100 
Narrow pitch -^ 59-25 % of 

Bolid plate^ plus half the shearing strength of the wide 

1-4848 
pitched rivet, which is -~ = -7424 of a square inch 

a 

in area. The percentage to be added to the plate section 
at narrow pitch is: — 



■7424 X 100 X 1-75 X 23 
3-375 X 11875 x 28 



25-97 % HO that we havi 
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Plate section at narrow pitch 

Plus i the shearing streagth of riveta 



59 25 7^ 
25 97 */] 



Total strength at narrow pitch . . 85-22 *y^ 

Taking weakest percentage of joint, which is 79-63 */ 



The narrow pitch is stronger by 



5-59*/ 



Treble Riveted Double Butt Strap Joint, 

Each alternate rivet ia omitted in the outer and inner 
rows, a^ represented in Figures 33 and 34» one being zig-zag 
and the other chain riveted. As in all the other pairs, both 
joints are exactly the same strength, only differently 
arranged. 

The explanation given m connection with the double 
riveted *'foutt'^ of the same class applies to this joint also, 
but the thickness of butt straps in this joint does not reqnire 
to be increased. 

Wide pitch of rivets is . , 5Jin. 

Diameter of rivets ,, . . Jin. 

Thickness of plate „ . . Jin. 

5-5 ^ -875 y. 100 
Wide pitch ^ - ■■ ■ ^ 84 % of solid plate. 



Total rivet section 



5 5 

6x4x100x1-75x23 
5-5 X -75x28 
5-5 



= 84 % of rivet 
section. 



Narrow pitch is equal to -;r-^ 2-75in, 



Then 



2-75 — '875 X 100 



2-75 



^8 % of solid plate^ 



plus half the shearing strength of the wide pitched rivet, 
which is '§ ^= '3 of a square inch in area. The percentage 
to be added to the plate section at narrow pitch is 



-3x 100x1-75x23 
2- 75 X *75 X 28 



= 21 % 



14:9 



I 
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So that we have : — 
Plate section at narrow pitch . . 
Plus -J the shearing strength of rivet , . 

Total strength at narrow pitch . , 
Take weakest percentage of joint, which is 



68% 
21% 

89% 
84% 



The narrow pitch is stronger by , , . . 5 % 

In this joint the "rule" governing the 'Uhickneas" of the 
butt straps is the same as in ordinary riveting, because 
although the percentage of strength at the narrow pitch is 
only 68 per cent., we have the advantage and support of the 
wide pitched rivet on each side of butt — ^that js^ the outside 
rivet strengthens and supports the shell plate, while the 
inside rivet strengthens and supports the butt strap. It 
has been shown that the shell plate's strength at narrow 
pitchj plus J the shearing strength of outer wide pitched 
rivetj makes the narrow pitch as strong (and, in fact, 
stronger) than the wide pitch plate section, the former being 
89 and the latter 84 per cent, respectively. And by similar 
reasoning it can be proved that the narrow pitch plate 
section in butt strap is supported and strengthened by 
adding | the shearing strength of uiwer wide pitched rivet, 
and this makes the strength of butt strap at narrow pitch 
equal, and more than equal, to the wide pitched plate section 
in butt strap, consequently in this particular joint the 
ordinary thickness of butt strap is sufficient, and in this 



case would be : — 



Double butt straps 



5 X T 



5 X '75 



T, 



■47 in., say ^in, thick. 



For V (the distance between the rows) we have 



I UOBC V 

I 

^M Foi 

^^^L V iU XP ^d) X i^\ X p -^ d =:^Y 

^^V iU >^5-5+ -875) x(^x5-5+'875)=2iin. 

^^B For pD (the diagonal pitch), we have 
^B ^\j xp + d^ pD. 

^^^^^^n this joint fj^ x 5-5 + -875 ^^ 2-52in., B&y 2iu^ 
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Take another example of this .ioint, where the 
Wide pitch of rivets is . , 6|in, 
Diameter of rivets . . l^in. 

Thickness of plate . . lin. 

Wide piteh plate section: — 

6-875 — 1-125 X 100 

^ — 83-6 % of solid plate. 

€■875 / K 

Total rivet section — 



Then 



1x4x100x1-75x23 
6875 X 1 X 28 "" 

Narrow piteh is eq\ial to 

3-4375 — 1^20x100 



83-6 % rivet section. 
6-875 



2 



3-4375in. 



67-27 % of BoUd plate, 



34375 

plus half the shearing strength of the rivet, which is == -5 of 
a square inch in area. The percentage to be added to the 

plate section at narrow pitch is 

'5 X 100 X 1-75 X 23 

= 20-9 %, 

3-4375x1x28 

so that we have^ — 

Plate section at narrow pitch . , 

Plus half the shearing strength of rivet 



Total strength at narrow pitch 

Take weakest percentage of joint, which is 

The narrow piteh is stronger hy 



67-27% 

20-9 

8847 
83-6 

4-57% 



Applying this to a cylindrical 12ft. boiler, assuming the 

longitudinal seams to be riveted as above, and allowing a 

factor of safety of 5, the working pressure would come out 

as follows : — 

62720 X -836x2 

— =^ 14Dlbs. working pressure. 

144 X 5 
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Treble Siveted Double Butt Strap Joint. 

Id which each, alternate rivet la omitted in the outer row. 

The drawings are for steel plates and ateel rivets. 



Fltd6 



f ■ m 
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This particular joint is considered the best and most 
suitable for the present high pressures; it is much more 
generally used than any other, and is a very good design, 
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g'iving us strength and tightness in hapmony. Figures 35 
and 36 are^ as in the other examples, of the same strength; 
the zJg-zB.g riveting being known as "Joint J," while the 
chain riveting is recognised as *' Joint K/' 

— ruins' ' j — cJo.jt K.— 




r-\ rU r-\ 



"iMMMMMBv. 






To ascertain the actual strength of these joints, we use 
the same formulae as given in the previous exampleSj but 
there are features in connection with the Joints J and K 
which require to be specially considered and explained. In 
order that the raeehanie may understand and appreciate the 
arrangement of riveting in this and other joints, Fi^re 
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37 has betn earefulJy prepared, sliowiiig clearly what the 
phiteSj rivets, and butt straps have to do, and a quiet study 
of the same will do more towards giving the engineer or 
boiler-maker a good grip of the subject than if he were to 
attend a course of lectures (see pages 168-9). 

First, let us run out the figures, as shown in Joint J, 

that is, in the zig-zag riveting. 

Wide pitch of rivet - . S-j^in. 

Diameter of rivet . , IJin, 

Thickness of plate . . l^in. 

Wide pitch plate section — 

8-3125 — 1-25x100 

= 84-9 % of solid plate. 

8-3125 ^ ^ 

Total rivet section — 



arpfl. rirfitit, 

1-227 x5x 100 X 1 75x23 



8-3125 ?<1 26x28 

Narrow pitch is equal to 



= 84-7 % of rivet section, 
8-3125 



4 15Giii. 



Then 



4-156 — 1-25x100 
4 156 



= 69*9 % of solid plate, 
1-227 



plus half the shearing strength of rivet which is 



equal 



to -613 of a square inch in area. The percentage to be 
added to the plate section at narrow pitch is 
-613 X 100x1-75x23 

4-156 X 1-25x28 ^^^'^^^^ 
SO that we have 

Plate section at narrow pitch . . 

Plus half the shearing strength of rivet 



Total strength at narrow pitch 

Take weakest percentage of joint, which is 



69^9% 
16-91% 

86-81% 
84-70% 



11% 



The narrow pitch is stronger by 

Respecting the butt straps in this J joint, it will he 

observed that the arrangement of riveting is quite different 
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from the treble riveted butt shown in Fig. 23, where narrow 
pitch is in the centre with a wide pitched outer and inner 
row^ and where the outer wide rivet strengthens the shell 
plate and the inner wide rivet strengthens the butt strap. 

In the J joints, aa in the other examples, the outer rivets 
stren^hen shell plate at narrow pitch, but there is nothing 
to support or strengthen narrow pitch in butt strap, conse- 
quently whatever deficiency or difference there is between 
the narrow and wide pitch has to be made up or compensated 
by increasing the butt strap's thickness over and above that 
required for ordinary evenly pitched riveting. 

Our wide pitch plate section is 84-7, and the narrow pitch 
only 69-9 per cent.; therefore the strap's thickness must be 
increased so that its strength at narrow pitch will also come 
out at 84-7 per cent- 

An examination of the Figures J and K shows that the 
arrangement of riveting is such that we have 5 rivets in each 
main pitch^ — four whole rivets and two halves in the zig-zag 
(J), and three whole rivets and four halves in the chain 
(K). All the rivets in each pitch are shaded, cleariy show- 
ing what each rivet has to do, and this method may, as 
before stated, materially assist practical men in getting hold 
of what is in many instances only vaguely understood. 

Butt Strap Formula for J Joint, 



5 X T X {p — d) 



Tj, the strap's thickness. 



8 X (p — 2d) 
5xl-25x (8'3125-^1'25) 

8 X (8-3125-2^5) ^ "'*' "'' ^^'^^^- ''''''' 

For the distance between the rows the pitching of the 
rivets requires special consideration. It ^vill be noticed that 
in the Figure 35 Y {the distance between the outer and 
middle row) equals 3Aiii,. while V^ (the distance between 
the iriTier and middle row) equals 2^Vin, only, resulting, of 
course, in a corresponding difference in the diagonal pitches. 
There is a very natural reason for this, as will be shown. 



«■ 
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The '* formula' ' for finding V (the distance between the 
outer and middle rows of rivets) is: — 



f (llx p + d I X ( JL X p + d J = V,, di^ance betrweeB 



outer and middle rows 



//llx 8-3125 + 1-25^X /i. X ^ :1125 ^ 1 -25 ^ = 3Jiii. 



I 



For iinding V^ {the distance between the two inside rows 

of rivets) we have 



J 



(ll.p^8xrf)x(p + 8xd) ^ ^^^ distance between 

20 ^ 



the two inside rows. 



J 



(11x8-3125 + 8x1-25) x (8-3125 + 8 x 1-25) 



20 



TTf^ 



For th.e diagonal pitch (inner row) we have 

3 X p + 4x d 

— ^ Pd, diagonal pitch of inner row. 

3x8-3125 + 4xl-25 



10 



= 3in,, diagonal pitch of inner row. 



For diagonal pitch (outer row) — 
■^ xp + d = j3n^ diagonal pitch in outer row. 
■^ X 8-3125 + 1-25 = 3|iu., diagonal pitch in outer row- 

In the chain riveted joint (K) the percentages of strength 
through plates and rivets are calculated in the same way, 
and give the aame result as in joint J, but the distances 
between the rows of riveta are different. 



For iSnding V 
middle rov 



{the distance between 
rivets) the formula ia 



th.e outer and 



J 



{llxp + 4xd) X {p + 4:xd) 
' 10 ' 



/(11k 8-3125 + 4 X 1-25) x (8-3125 + 4 x 1*25) 



10 



^ 3iin. 
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To find Vj (the distance between the two icsid© rows of 
rivets) the rule is 

4xd + l 



2 ^ 

4x1-25 + 1 



= Sin. 



Figure 37 (on pages 168-9) is a representation of a J 
joint. One part shows the shell plates and rivets, with the 
butt strap removed, while the other shows the joint with the 
butt strap in position. It will be observed that around each 
rivet is drawn a band of steel of such breadth and section 
as will be at least equal to the sheariug strength of the rivet, 
and it will also be noted that the joint is designed in such 
a manner that each zone or band ean be of snffieient breadth 
without touching, encroaching, or interfering with the zone 
or band required for any other rivets. This is plainly seen 
in both the shell plates and butt straps. 

In the shell plates, the section shown around each rivet is 
fuUy equal to the rivets* shearing strength, and in the butt 
strap, the combined section (one on each side) is also equal, 
and more than equal to the shearing strength of the rivets. 
By having such a combination, we establish a relationship 
between fehell plates, butt straps and rivets the result 
of whieh is a strong proportional reliable structure. From 
what has been said, it is evident that all the material 
outside the dotted steel band is practically nseless. so far as 
taking any of the strain is concerned ; and in this sense, the 
sectional area in the steel bands do all the work ; the material 
outside of them simply holds the water in. Any increase in 
the breadth and section of the bands would be of no benefit, 
because the amount of section required around each rivet is 
and must always be governed by the rivet's shearing 
strength. If we were to test this boiler joint against a stnie- 
ture made of steel bands and rivets only, as shown, the 
result would be practically the same. 
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The particulars of Figure 37 are as follows: 

T = The thickness of plates 

d ^ the diaraet(*r of rivets , . 

p ^ tho wide pitch of rivets 

§ ^narrow pitch of rivets 

E ^ from centre of rivets to edge of plate 

"V = distance between outer and middle row of rivets 

V = distance between the two inner rows of riveta 

pD = diagonal pitch between outer and middle row 

Pd ;:== dia^nal pitch between inner and middle row 

Tj ^= thickness of butt straps 



It?? in. 

8fin. 

4fin. 

2in. 

3iin. 

SJin. 

4in. 

3im. 

lin. 



Strength of joint when so proportioned is S5% of solid 
plate. Applying this system of riveting to a steel boiler 
14 feet inside diameter, with a factor of safety of 5, we 
would get: — 

62720 X -85 X (1-3125x2) 



168 X 5 



1651ba, W,P. 



r 

J 



Another very important feature in connection with this 
joint is the following: — 

It will be noticed that there is a material difference in the 
distance between the rows of rivets and also the diagonal 
pitches. The distance between the two inner rows is 2Jin-, 
the diagonal pitch being 3^in,, but the distance from middle 
to outer row is 3j^in., while the diagonal pitch is 4in, What 
is the reason of this? A quiet examination of the Figure 
(where the butt strap is removed) will show that to get 
the required breadth of **baiid^* around the rivet A. with- 
out encroaching on the bands required for rivets B and C, 
it is absolutely necessary to increase the diagonal pitch so 
that every rivet shall have a sufficient and independent zone 
of its own. If the diagonal pitch between the outer and 
middle rows were the same as between the inner and middle 
rows, viz., 3Jin,, the rivet A would be Jths of an inch 
further in, and we would have the three rivets A, B, and C» 
aU puUing on the same zone of meialf which, of course, would 
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make a ridiculoits arrangement, hence it is that the design 
of the shell, plates, rivets, and butt straps must be as shown. 

Referring to butt straps generally, the rule given that their 
conibLued thickness must be 25 per cent, in excess of the 
plates they cover is one which, to a practical mind, will not 
appear logical or clear; but the results of actual testing, the 
possibility of leverage being developed if the strains are not 
equally distributed throughout the entire bearing surface 
of the plate and rivets, the strains in sheila not being 
straight, but curved, and the absolute necessity (in J and 
K joints especially) of having the butt straps thick enough 
to bear caulking without the possibility of any ^'spring" 
between the rivets are sufficient reasons for adopting the 
rule. 

To show that the butt straps in joint J (Fig 35) comply 
with the above : 



Wide pitch of rivets . . 
Narrow pitch of rivets 
Diameter of rivets . . 
Thickness of plate . . 
Thickness of butt strap 



8-317in. 
4"158in, 
1-25 
1-25 
■94>c2 = l-88in. 



Butt Straps — Material left in Narrow Pitches. 
4158in. the narrow pitch 
1'25 the diameter of rivet 



2-908 
2 

5-816 
1-88 

46528 
46528 
5816 

10-93408 



surface inches in one narrow pitch 
pitches (one on each side) 

surface inches in the two narrow pitches 
double thickness of butt strap 



square inches of metal in the, double strap 
at the narrow pitch. 
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Shell Plates^Material left m Wide Pitch. 
8'317iB. the wide pitch 
1-25 the diameter of rivet 



7-067 
1-25 

35335 
14134 

7067 

8-83375 
1-25 

4416875 

1766750 
883375 



surface inehea left in wide pitch 
thieknesa of plate 



square inches of metal in the wide pitch 

butt atraps must have 25% more material 

than shell plates 



Jl -0421375 square inches required in butt strap. 



H 



And aB we have got 10-93 sq. in., it practically proves our 
work to be correct and that the rule has been complied 
with. 

This completes the riveting, and, from the number of 
joints of various desigas having' different and distinct 
arrangements of riveting, it will be apparent that this is 
not the least important part of our subject; but as each 
joint has been separately treated, illustrated, and explained, 
both by formulas and plain figures, there will be no 
seriouB difficulty to the engineer or boiler-maker in under- 
standing, appreciating, and applying the principles of rivet- 
ing to every=day work. 
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The followiBg tables relating to riveting in general will 
be found useful and easily applied: — 

No. 1 



Table of Pitches in Terms of Rivets Diameter. 


For 55% plate left between holes, pitch = diameter x 2-222 




, 56 


7 tJ JJ J 




2-273 




, 57 




» 7J 7 




2-326 




, 58 




i 77 7 




2-381 




, 59 




7 7t 7 




2-439 




y 60 




7 »J ) 




2-5 




, 61 




> JJ > 




2-564 




, 62 




7 »> 7 




2-631 




, 63 




7 M » 




2-702 




, 64 




7 T> J 




2-777 




, 65 




) J» 7 




2-857 




, 66 




7 JJ 7 




2-941 




, 67 




7 71 7 




3-03 




, 68 




7 J» 7 




3 125 




, 69 




7 « 7 




3-225 




, 70 




7 »> 7 




3-333 




, 71 




7 JJ J 




3-448 




, 72 , 




7 »» J 




3-571 




, 73 




J )> 7 




3-703 




, 74 




7 J) 7 




3-846 




, 75 




7 )> ? 




4- 




, 76 




7 J) ) 




4166 




, 77 




7 » 7 




4-347 




, 78 




7 J» . > 




4-545 




, 79 




7 T) J 




4-762 




, 80 




J >» 7 




" 5- 



NOTE. 

The pitch of rivets may be increased directly as the thick- 
ness of plate, viz. :— If a 2Jin. pitch be right for a Jin. plate, 
then 5in. will not be too much for a lin. plate. 
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The diameter of rivet mast always be found before deter- 
mining the pitch, by assuming: desirable percentages of 
strength at joints both for plate and rivets. The diameter 
being round, the pitch is arrived at hy making use of the 
same percentage of plate section as was assumed. 
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Safety Valves. 

Safety valves should be so constructed that under all 
possible conditions of working they should be capable of 
getting rid of the steam as fast as it is generated, or, at all 
events, without any undue accumulation of pressure over 
and above that at which the boiler is authorised to work. 

Practical experience and actual test have determined the 
relative proportions for obtaining the highest elTiciency, 
and modern valves, properly designed and constructed, 
leave little to be desired, the results obtained being highly 
satisfactory. 

Generally valves may be loaded in three different ways ; 
1st, by dead weight; 2nd, by levers; and 3rd, by direct 
springs. 

For land boilers dead weight and levers are still largely 
used, but in marine boilers the direct spring loaded valve 
has almost superseded the old system. 

The rules given for finding the size of safety valves are all 
more or less approximations, because there is often a 
material variation in the quantity of steam generated in 
different boilers, whose powers by calculation would or 
should be the same. 

The quantity of steam generated depends on a number of 
things: the amount and quality of the coal, the number of 
lbs. of water evaporated per lb. of fuel consumed, the rate 
of combustion, force of the draught, and the general 
efficiency of the heating surface, etc. The standard rules, 
however, for ordinary conditions make ample allowance and 
provision for the above, and can be used with all confidence. 

One very important item immediately connected with the 
size of safety valves is that the area reqiiired to relieve auy 
boiler depends upon the pressure carried. A cubie foot of 
steam at lOOlbs. per sq. in, would expand into 10 cubic feet 
at lOlbs. ; consequently, the volume would be 10 times 
greater, and would require a much larger opening to relieve 
a low than a high pressure. Hence is that that as the pres- 
sure increases the amount of area z'equired for every square 




sr. 




iro 



foot of ^ate becomes leaa, and from raiiotia elaborate and 
exmi experini^nts special tables have been prepared by the 
Board of Trade for pressures from 15 to 20Qlbs.. hy which 
the required area for any sized valve can be easily found. 
(See Rules.) The foundation of the calealation is the 
nuniber of sqnare feet of grate bar surface, but this alone 
will not in exceptional cases be snfficient. 

For ordinary or natural draught it is right enongh, but if 
forced draught be used the rate of combustion and the 
efficiency of evaporation must be considered and allowed 
for. If, for pxainple, with forced draught we burn twice 
tlie eoft] and evaporate twice the quantity of water (in th^ 
^wie time) that we can with natural dranght, then the 
present rules will not apply, and we must increase the 
valve area in proportion. 

Loading dead weight valves simply means that if the 
area of valve multiplied by the pressure equals lOOOlbs., 
then lOOOlbs- weight attached direct to top or bottom spindle 
or both (including weight of spindle and valve), will 
balance the boiler pressure. 

Suo-h valves, though somewhat cumbersome, are very suit* 
able for land boilers, as they possess two essential qualities 
for this purpose, viz., simplicity and reliability. 

Figure 38 shows an ordinary lever valve proportioned on 
the '* Salter's balance principle'* — that is, if the boiler 
pressure be 60lbs. per sq. in., then SOlbs. weight on the 
lever end will exactly balance that pressure. 

This ia done by making the area of valve multiplied by the 
distance from centre of fulcrum pin to centre of valve equal 
ta the lever's whole length. 

To illustrate^-in the Figure (38) the 

Diameter of valve is , , . . 3in, 
Distance from fulcrum to valve is 3|in. 

The area of a 3in. valve is 7 square inches. 

,'. 7 X 3-75 = 26-25, the whole length of lever. 

Say the pressure carried is GOlba. per sq. in, Find weight 
required on lever cud. 
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Here it is evident that tlie long arm should bear the same 
proportion to the short arm as the power does to the weight. 
Neglecting for a moment the effective weight of lever and 
valve, we have 26-25 : 3-75 : : 420 : 60lbs., the weight 
required, proving that 601hs, on boiler is exactly balanced 
hy 601bs- on lever end. 

Assume the effective weight of lever and valve to be 
281bs., then the required weight would be reduced from 60 
to 5Clbs,, becauae as the power is multiplied 7 times, and as 
the area of valve is 7 square inches, one pound on lever end 
will balance the 7 square inches in valve, at lib. pressure ; 




therefore as the effective weight is 281ba., we have ^'^ = 41bs. 
per square inch due to lever alone, 

Thus 26-25 : 3-75 : : (420-28) : 56lbs., the weight re- 
quired. 

The following, relating to the lever's proportions and put 
in a simple formj will be useful for reference;^ 

In Figure 38, we have by proportion — 

AC : BC : : P : W the weight 

26i : 3f : : 420—28 : 56 

W : P — BC r AC whole length of lever 
56 : 420—28 : : 3f : 26^ 
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AC : BC distance from fulcrum" 

[to vaive^ 

: W : P 

: 56 : 420 —28 the steam p< 
And power -~-~ total pressure = area of valve. 
Thus -*inr ^= '^ square inches in valve. 
*Aad V 7 5< 1 128 = 3 inches, the diameter of valve. 



420—28 
BC 



56 

AC 
26J 



Spring Safety Valves. 

The standard spring from which Adams' springs are 
caleiilated was made of ^in, square bar steel, and was oi 
the following proportions ; — 

Sectional area = -25111. 

Inside diameter = 2m. 

Outside diameter ^ Sin. 

13 complete eoila and the ends, total length, 11 Jin 

The working load was 6001bs., being Jth part of its 

breaking load when hardened to a temper just sufficient to 

break it, and this load deflects the spring lin., so that when 

compressed with 6001bs., it is lO^in, long. 

Note. 

Safety valve springs, when properly made and tempered^ 
are (within certain limits) directly proportional to the load; 
that is, if lOOlhs. compresses a spring iin., then the eo 
pression with 200Ibs. will be -Jin. 

The outside diameter of the spring is always equal to the 
diameter of the steel x G, and generally equals the valve's 
diameter. 

To find the proper load for any spring. By simple pro- 
portion we have ; — 

Section of Jin. square bar : 6001ba. : : section of deair 
spring ; intended load. 



e^y 



♦The "constant" X"128 is used because the side of any square 
multiplied hj 1*125 gives the diameter of a circle of equal area. A 
circle to be equal to one square iueh would be 1^12S inchea in 
diameter. 
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Examples, 

Let A = Section of iiii. spring ^ -25 of a sq. in. id area 
, L = Load on it; viz., 600 lbs. 
, S = Section of desired spring 
, L'=rLoad you want to find. 

S X L 

Then — ^ L', or taking it practically, suppose we 

A 

want to find tlie proper load to put upon a |in. square 
spring, we would have this proportion : — 



load. 



loAiL 



'25 : 600 : : 56 : 1344 

Expressing tlie above in words, we would say; — 

That the area of -Jin, springs bears the same proportion to 

6001be. as the area of a Jin. spring bears to 13441bs, 

P The proportions of a Jin. spring by geometrical construc- 
tion would be 13 complete eoila and the ends. Total length, 
ITJin. Deflection of spring, Hin., by which the '*lift'' of 
valve is proportional to the diameter. 

" Per example, take two valves^ — one Sin. in diameter, with 
a |in. spring, its deflection = lin, and the lift |in, ; let the 
other valve be 4Jin. m diameter, with a fin, spring, its deflec- 
tion would be l^in. Then 

3in, : Jin, : : ^Jin. : rsi^- the lift of a 4Jin, valve, 
and the deflection of springs so constructed is directly 
proportional to th& inside diameter; for the fin. spring 
deflected lin. with 6001ba. on it = half its inside diameter; 
and the fin. spring deflected IJin. ^^ half its inside diameter, 
when loaded by 13441bs. ; and so on with all other sizes. 

3Iodern spring valves are so correctly made that they are 
absolutely accurate as a register of force between the limit 
of lib. and the load that produces permanent set. 

I The Board of Trade Rules give all the necessary formulte 

for finding the working pressnres, etc., to be allowed on 

lifferent sized springs — (see Rules) ; and the following is 
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an example^ when the ]aad m known, how to find the 

of th*^ Hteeh — 

Rule. 

Multiply the load on the valve by the helical diameter 
(rentrc* to centre of section i of spring, and divide by 
IlOOf)^ then extract the cube root, and the qnotient is the 
Hide of square of the steel in parts of an inch. 



7 



LxD 

= required diameter or side of square. 



C 
Whi-re L ~ load in lbs, 

D^ helical diameter (centre to centre of steel] 
C ^11000 for square steel 
C = 8000 for roirnd steel. 
IjetD = 3'75in, 

= 11000. 



V 1344x3*75 

Then ^ / = -TTin. the side of square. 

V 11000 ^ 

Copper Steam Pipes. 

Thii fttretigth of copper in tension is variable, but copper 
Huitable for steam pipes may be averaged as being equal to 
30000]b8. (13-4 tons) per square inch. The strength of a 
well brassed joint is sometimes quite as strong as the solid 
pkU% but iiH i\ general rule the "brazing'^ is more or less 
woaker. One important point in connection with copper 
steam pipes is that they Iohg a considerable percentage of 
their ntrength at a comparatively low temperature. 

In iron and steel it haa been repeatedly proved that up to 
about 600^ Pah. the strength actually, though slightly, in- 
creases. Not 80 with copper^ for at modern pressures, from 
150 to 2001ba. per aq. in., it haa been demonstrated that the 
temperature of the steam above, say, 380° Fah. reduces the 
strength of copper pipes from 20 to 25 per cent., and 
therefore in calculating the working pressure due allowance 
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has to be made for this, and also for brazing, which as often 
as nat is 10 or 15 per cent, less in strength than the soUd 
plate. For present pressures up to. say, 1601bs.* a simple 
reliable rule is to take the copper at 240001bs. (20 per cent, 
below its initial strength) , and allow a factor of safety of 10. 
Then 

2400 X (thickness in in. x 2) 



= Working pressure. 

At what 



Inside diameter in in. 

For example ; An Sin. steam pipe is Jin. thick. 

pressure would we work it? 

2400 X -5 
Here — — ^ 150, the working pressure. 

o 

From the above it will be seen that reducing the copper 
from 30000 to 24000 makes due allowance for the loss due 
to the increase of temperature and the margin of 10 per cent. 
for brazing. 

The Board of Trade "formula" for well-made copper 
pipes when the joints are brazed is — 

6000 X (T ^ tV) 
— = Working pressure. 

Where T = thickness in inches 

D = inside diameter in inches. 

When the pipes are solid drawn and not more than Sin. 
in djameter, substitute ^V ^of iV- 

This rule gives a stronger pipe, and at first sight appears 
aomewhat inconsistent, especially for thin pipes. 

If, for instance, the thickness was |iu., by taking ^^ off the 
thickness, the strength would be reduced 50 per cent., which 
is too much; but as the thickness increases, the amount of 
reductioa will, of course, be less, and no doubt this ra is 
introduced to make it thoroughly reliable and provide for 
"wear," the thinning of the copper at bends, loss through 
intjreased temperature, etc., so that, everything considered, 
the fault (if any) is on the right side and gives additional 
strength aud security. 
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Wrought Iron Pipes. 

The internal pressure to be allowed on wrought iron pip* 
made of good materiaL which are lap-welded and thorouglily 
sounds may be determmed by tile following Board of Trade 
rule, provided the thickness is not leas than ^in, (same 
notation) :— 



6000 X T 



D 



=^ Working pressure. 



The working prramire on our Sin. pipe, if made of 

would be 

6000 X -25 

^= 187lbs. per square inch* 

a 

Cast Iron Steam Pipes. 

As caat iron in tension is about Jrd the strength 
wrought iron, the uaost natural thing to do would be to 
reduce the constant for wrought iron two-thirds, viz., from 
6000 to 2000. This would be all right provided cast and 
wrought iron were equally reliable, but they are not, 
because we can never depend on any cast iron pipe having a 
uniform section; the "core," as a rule, can scarcely be kept 
in the exact centre, and generally shifts more or less. We 
have, therefore, to allow for this inequality of section, and 
also for eorrosionj hence the desirability of reducing the 
2000 to 1500, and this will give a fair average rule for pipes 
not less than 6in* in diameter. Cast iron steam pipes for 
extreme pressures can scarcely be recommended ; they are 
not allowed in marine practice and for land purposes, 
copper or iron are much more reliable. 

Size of Steam Pipes. 

This depends on several things, viz., size of cylinder, point 
of cut off, capacity of receiver, speed of piston^ etc., but k 
principally regulated and determined by the possible 
velocity that can be allowed to steam without developing an 
undue amount of friction. 
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Prom experiment it has been shown that when the average 
steam pipe, with moderate bends, has a cross sectional area 
which will allow a speed of 1-33 feet per second, or say 8000 
feet per minute, then there is little or no loss of initial 
pressure (due to frictional flow) between the boiler and 
the en^ne, and a good general rule, approximately 
correct, mip^ht be expressed thus: — 



7 



Dia. of cyl.^ x Piston speed in ft., per min. 
Telocity of steam per miaute. 



= dia. of pipa 




E^tample. 

Let cylinder be 30in, in diameter 

,, Piston speed ,, 600 feet per minute 

,, velocity of steam ., 8000 ,, ,, „ 



^^ /30-X60O 

Then / = 8 2m., the diameter of pipe. 

V 8000 



Heatijog Feed Water. 

Our present practice of feeding boilers has very little to 

E commend it, and there is ample room for improvement. 
■ It is both important and necessaiy that in all boilers the 
feed" should, if possible, be heated up to the temperature 
of the steam before being discharged. 
I This may be done in various ways ; the most simple and 
effective method being to pump the feed into an internal pipe 
in the st^am space, this pipe being of such length and surface 
as will allow and ensure every particle of feed water being 
heated up to the temperature of the steam before being dis- 
charged. By this method we secure two great advantages; 
1st, Every particle of water in the boiler has an equal 
chance of generating steam, and is not bustled and handi- 
capped as in ordinary practice, where even in the moat 
modern feed-heaters there is often a temperature difference 
of 160" to 200° between the water going in and the water 
at is in. Take Weirds feed-heater, which usually delivers 
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the ffied at 200^ Fah., and assume the boiler is working at 
1601bs. The temperature of the steam is 370^ — a difference of 
170° — which must of aecessity create a considerable comrao- 
tion and disturbance amongst the particles and injuriously 
affect their individual efficiency for generating steam. 

2nd. In all modern appliances for feed-heating, the steam 
is taken out of the boiler, passed through pipes, cocks, coils, 
etc; then forced through other pipes and cheek-valves into 
boilers. Now, it is very apparent that this cannot be done 
without a certain i>erceutage of loss through friction ^ con- 
densation, etc. Therefore by discharging the ''feed" direct 
into a pipe in the steam-space there must be a distinct gain, 
besides being cheap, simple and efficient. 

There is one thing, however, that requires special con- 
sideration when the feed is heated in the steam space- 
Special care must be taken that the cold water does not 
suddenly come into contact with the internal pipe when it is 
full of Htcamj because if it does, the sudden condensation 
of the steam at one point causes a '* water-hammer" action 
and excessive vibration, resulting in leaky joints and 
damaged pipes* With proper precautions* however, this 
system of feeding ^ivea no trouble, and practical experience 
has shown that its application has been exceptionally 
economical. 

Another important item, which for many years has been 
neg'lected, is the filtering and purification of all feed water. 
With present pressures in Triple and Quadruple Engines 
this is especially a vital point, as practical working has 
proved that even with the best mineral oils, whose specific 
gravitj' is say 10 per cent, less than water, yet, after passing 
engines and condensers, the chemical change is such that 
when it gets into the boiler it becomes as heavy, and in 
some cases heavier than water, falls down and settles on 
the internal surfaces, more especially on furnace crowns, 
and. being an almost perfect non-conductor, is in raany 
instances the eau^e of furnace-plates becoming over-heated. 
This is a practical mechanical difficulty only, and can be 
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STiceessfnlly overcome by purifying the water before it 
gets into the boiler. 

The best modern practice is beginning to realiae the 
absolute necessity of iiiakine: special proviBion for water 
purification, and a number of patents have been taken out 
which have been more or leas successful. 

One of the most simple and effective Sf^heraes is to make a 
plain iron cj^Iindrieal vessel of a size proportional to the 
power of engines, with a division plate going down to within 
2iii- or 3in« of bottom. In this compartment there may be 
one or two iiat, thin perforated plates, and lying on top of 
these plates pieces of blanket, sweat rags, nr fine gunny 
bags. The **feed'* instead of being pumped direct from 
hot well to boiler, is discharged on top of the blankets, 
percolates through them, then through perforated plates, 
falls down to bottom, then has to rise 6in., where the feed 
suction takes hold of it, and from thence to boiler. 

From this it will be seen that any grease, oil, or fatty 
matter is caught in the blankets and plates, and as they 
become saturated a hinged door on top is opened, the dirty 
cloths taken out and clean ones put in. This can be done 
in a couple of minutes. Passing the feed through charcoal 
in conjunction with this filter, and various other schemes. 
have been used with more or less success, and it is difficult 
to see why all feed water should not (comparatively speak- 
ing) be as pure as the water we drink. 

The Greatest Possible Gain from Heating Teed 
Water. 



The most efficient (or, at all events, the best known) feed- 
heaters in British practice are Weir's, Kirkaldy^s, and 
Morrison's, and generally in all three the principle of heat- 
ing is the same. Steam is usually taken from the low- 
pressure receiver ; the feed water is forced by the feed pump 
into a chamber and is broken up into spray, or the ''feed" 
is heated by steam eoils suitably arranged; sometimes it 
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falls over a number of dash plates and drains down into the 
suction of another pump, whith at alow speed discharges it 
into boiler. 

The old practice of working feed pumps off air pump 
levers and discharging direct into boilers is almost obsolete, 
as it is much better in every way to discharge the quantity 
of water required at a slow than a quick speed, which 
would, of course, be the case if worked direct; besides, all 
air, oxygen, and deleterious gases have a better chance of 
being dissipated than Avith quick speed pumps. 

The economy of feed-heating is a question ahout which 
much has been said and written, and many absurd results 
have been claimed and published. 

Elaborate calculations have been made by Weir, Kirkaldy, 
and Morrison to account for the economy obtained, for when 
first introduced they did not look for or expect any saving, 
because the common sense view was they were robbing Peter 
to pay Paul; and without referring to their figures, I am 
of opinion that whatever economy is obtained is chiefly due 
to the fact that by raising the entering feed to 200^ the 
natural circulation is only fractionally disturbed, and each 
particle of water does better work in proportion as the 
temperature of the entering feed approaches that of the 
steam; and when that point is reached, the circulation is 
undisturbed and consequently becomes more efficient, which 
would to a large extent account for the economy. 

Feed-heating being of such importance, it is desirable to 
have a clear idea of w^hat the saving would be for a given 
increase of temperature — that is, according to the laws 
which govern heat. 

Example. 



Take the normal temperature of water at 52° F. 
We want to heat it up to, my . . , . ISC' F. 
Find total amount of saving. 
The heat required to raise water from 0° to 212° is 1178 
units. Then the number of units of heat required to eon- 
vert one pound of water into steam at 212° when the normal 
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temperature is 52° will be 1178 — 52 = 1126^ Now, if we 
heat this water by exhaust steam (which would otherwise be 
wasted), then the result would be all gain and we would 
have 

998 

1178 — 180 =- 998 and ^ -88 or 12% gain. 

1126 * 

Practically speaking, the economy of heating feed water 
in this way is seldom over 10 per cent. 

In Kirkaldy*s and Morrison's heaters, the steam, in pass* 
ing through the coils, heats the feed to about 200° when tke 
coils are clean; but in practical working it is found that 
when the coils become coated with oil and grease, their 
heating power becomes very much impaired, and on an 
average of, say, 40 days, although the temperature was 
200° at the start, it is reduced to 150". and even less at the 
finish, furnishing another good reason for the purification of 
the feed water> 
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Steam Engine and Boiler Efficiency- 
How to get at it. 



When we want to find the. comparative economy and 
efficiency of any steam engine, we have recourse to the 
"Indicator Diagram,'^ which, when carefully taken and 
calculated, gives approximately the actual horse-power pass- 
ing through the engines; but after taking diagranis, we 
find it necessary to go to the boiler to find what it has 
cost us in coal to develop this power. Then knowing the 
total amount of heat in the coal, we can very simply 
demonstrate the immense difference between theory and 
practice. 

To illustrate: One pound of pure eoal (carbon) contains 
14500 nnits of heat (a British iinit of heat is equal to raising 
one pound of water 1"" F.), and when a pound of water is 
raised 1° we perform a certain amount of work. How 
much? An amount exactly equal to Joule's Equivalent^ 
y\z,, 7721b8. — raised one foot high, and this shows that the 
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Joule's Equiva- 



definition of a British unit of heat and 
lent'* mean one and the same thin^. 

Aa there are 14500 units of heat in a poimd of eoal, and as 
each unit, if converted into work, would raise 772]bs. one 
foot high, we have 14500 x 772 = 11194000 feet, the height 
to which one pound would be lifted; or, to put it another 
way, if ail the heat were utilised, the power developed would 
raise the pound weight over 2000 miles. 

Then to find the actual horse-power per hour in a pound 
of coal, we have 

11194000 

=.5 65 H-P 

33000 X 60 

Let U3 see liow our Indicator Diagrams compare with the 
total heat in the coal. In the best designed Triple Expan- 
sion. EngineSf with a steam gauge pressure of IfiOlbs*, it costs 
about IJIbs, of eoal to develop one H-P. ; and as it has been 
shown that if the total heat in a pound of pure coal could 
be converted into work it would develop 5 65 H-P., then 
we see that 5-65 x 1-75 = 9-88, or, say, lOlbs. of eoal is 
required to do w^hat could be done by one, showing clearly 
that with all our knowledge we can only convert about 
10 per cent, of the availabli^ heat into u^ful work. Sum- 
ming this up» we might say that theoretically every pound 
of coal should give ua 5-65 H-P. j practically we can only 
utilise ^th of this, 90 per cent, of the total heat being lost. 

Then comes the question, How is it lost, and what becomes 
of it? As will subsequently be shown, from 20 to 30 per 
cent- is lost in the boiler, but the greatest loss (so far as 
the heat is concerned) is in the engine itself, and this takes 
place at the point of exhaustion, either into a condenser or 
into the atmosphere. 

As an example, and for the purpose of explanation, take 
a working pressure of 100 on steam gauge, the total heat in 
the steam would be 1185 + 32 = 1217, and assume it worked 
the engine in the ordinary way, being expanded down so that 
it entered the condenser at atmospheric pi*essure, the total 
heat in it then would be 1146-6 + 32=1178-6. The difference 
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in beat between the boiler and exhaust steam would be the 
difference between 1217 and 1178^6^ = 39°, ao that in 
working this engine we just manage to convert into work 
about 3i per cent, of the total heat in steam. This, of 
coui-se, is an extreme case, but it will serve to show what an 
enormous quantity of heat is lost (less the amount repre- 
sented by the temperature of the feed), and not only lost» 
but we have to construet expensive eondensers, pumps, 
valves^ levera, and other gear, to assist in getting rid of this 
heat ; and so far as can be seen from the present state of our 
knowledge, we must keep on doing it. 

From what has been said it will be clearly seen that 
' * steam engine efficiency'* is expre^ed by stating the amount 
of eoal required to indicate one horse-power, and in our best 
practice it ranges from If to IJ lbs. per indicated horse- 
power per hour. 

"Boiler EflEiciency/' 

The efficiency of a boiler is expressed in somewhat different 
terms to that of an eng-ine. In both cases, however, it is the 
consumption of one pound of coal which governs the whole 
of the calculations; but before we can have a clear idea of 
this we must understand some of the properties of steam 
and water. 

When water is boiled in the open air its temperature 
remains constant at 212^ Fah„ and any additional heat has 
no effect in raising its temperature. But it can be proved 
that a very large amount of heat has been put into the water 
which does not show on the thermometer, and this, for want 
of a better name^ is called "Latent/^ or hidden heat If we 
take one pound of water and convert it into steam at atmo- 
spheric pressure it has a sensible temperature of 212° and 
a latent heat of 966^ — in other words, every pound of 
water in ehanging from water to steam absorbs as much 
beat as would have raised the temperature of the water BBS'' 
more than shows on the thermometer, provided it had not 
become latent. 
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This enormous amount of heat which has to be imparted 

966 X 772 

to each pound of water represents — =23 horae- 

^ ^ 33000 

power per pound, and the work done is expended in two 
ways: — 1st, in overcoming the natural and mutual attraction 
of the water particles; and 2nd, in overcoming the resistance 
which the air or other medium presents to the formation of 
steam. 

Expressing this in a practical form we might say that to 
tear the particles of water asunder and compel them to 
change their nature requires a force of 23 H-P,, which 
must be developed in every pound of water converted into 
steam at atmospheric pressure. If we reverse the case and 
condense a pound iveight of steam, the same reasoning holds 
good. 

Many of the standard definitions of * latent heat" ar« 
vagnCj and to a mechanic scarcely satisfactory. One of the 
best (Maxwell's), by altering the words but not the aense, 
might be defined to be :— * ' The quantity of heat which must 
be put into every pound of water to convert it into steam 
imthoul changing the temperature." 

Prom the above explanation we are now in a position to 
state that the evaporative efficiency of any boiler is ex- 
pressed by the number of pounds of water which one pound 
of coal is capable of converting into steam under ordinary 
working conditions. Hence it will be apparent that if the 
total heat in the coal be divided hy the latent heat in the 
steam the quotient will be the evaporative efficiency of the 
boiler expressed in lbs. of water converted into steam per 
pound of coal consumed. 

Example, 

Taking the heat units per pound as before, viz., 14500 

14500 
unit^, we have — — ^ 151bs. of water evaporated per lb. 
966 

of coal burnt — that is what we would get provided there 
were no loss. In ordinary working^ however, we are a long 



135 



way sliort of this, and in the large majority of cases the 
evaporative efficiency is actually from 7 to 81bs. How such 
losses occur will be subsequently explained. 

It is very evident this ** efficiency" depends very materi- 
ally on the temperature at which the feed passes into the 
boiler, and as in practice this temperature has a consider- 
able range, being often m low as 50 and as high as 200°, 
it beeomei? necessary in all evaporative tests to reduce them 
to a fixed standard, so that when comparing one boiler 
with another all the elements may be taken into considera- 
tion to enable us to judge correctly. 

This is done by taking the actual measupcd evaporation at 
any pressure in lbs. of water per lb. of coal, and then finding 
what the evaporation would have been if the **feed" had 
been supplied and the steam given oft' at 212°, the difference 
being termed the ^* Standard Equivalent of Evaporation/' 
and this is briefly expressed by saying that the steam is 
evaporated from and at 212"". 

Example. 

Assume we find by measuring the feed water and coal that 
a boiler evaporates a certain number of pounds of water per 
lb, of coal per hour, we want to know what the difference 
would be in the evaporation if the temperature of the feed 
had been 212° and the steam also generated at 212*^. To 
find this we have : — 

Total heat in steam — temperature of feed factor of 

^QQ ~ evaporation. 

Example. 

A boiler with 2001bs. steam gauge pressure evaporates 
Slbs. of water for every pound of coal burnt per hour; feed 
is supplied at 150". Find the evaporation from and at 212\ 

Total heat in steam at 2OOlbs.persq.in.isl20O+32^^l232°. 

1232 — 150 1082 
therefore ^^^ - ^^^ ^ 1-12, the *' equivalent of 



966 



966 



evaporation. 
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And 8 -r 1*12 = 9*12lbs. of water evaporated from and 
at 212 ^ 

Then in tlie same example, to find how much of the total 
heat in the coal is utilised in converting the water into steam 
when the steam gauge shows 2001bs. and the measured 
evaporation is 81bs. of water per lb. of coal per hour, we 

7728 

have 8 x 966 =7728, the heat units utiliaed— therefore ti^-t--, 

14dOO 

^: -53 per cent., being 47 per cent, less than what the total 

heat units in the eoal would give provided there had been 

no loss^ 

In the foregoing explanation we have given the coal as 
practically pure, giving it credit for 14500 heat units per 
pound, but even the best coat contains considerably less heat 
than thisj and the two following examples will give ap- 
proximately a better idea of what we get in actual work- 
ing, the first showing the best and the second the worst 
results : — 

1st. Assume a boiler of the beat design and that good eoal 
is used, every pound of which can, theoretically, evaporate 
14tba. of water from and at 212^; also, that the actual 
measured evaporation from and at 212° is lUbs. of water 
per lb, of coal per hour. We want to know the percentage 
of efficiency, and also the percentage of loss. 
11 X 966 10626 



Here 



78 per cent, efficiency. 



14 X 966 13524 

or, what is the same thing, \l = -78%. 

The loss is 100 — 78 = 22 per cent. 

2nd. Take the same boiler, using very bad coal, whose 

theoretical evaporation is only 91bs. from and at 212^, Then 

if the actual measured evaporation from and at 212° be 

51ba. of water per lb. of eoal per hour, we want to find the 

respective percentages of efficiency and loss. 

In this case we have : — 

5 X 966 8694 

= — — ;= -55 per cent, efficiency. 



9 X 966 
and 100 — 55 = 



4830 
45 percentage of loss, and this is about 
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tbe average of what we may expect to get from good or 

bad coal. 

Referring to evaporative tests generally, it should be 
remembered that from a practical point of view maoy of the 
published results must be received "with a considerable 
degree of caution, because, unless the steam is actually diy, 
a certain rjuantity of water may be carried over with it, 
and then the boiler is credited with an evaporative efficiency 
to which it is not entitled. This is more likely to take 
place when the boiler is small for its work or badly propor- 
tioned, and especially if the area of water line is too con- 
tracted and the capacity' of steam space limited. 

To get at anything approaching the true evaporation re- 
quires considerable knowledge and experience, and, in any 
ease, all such teats cannot be carried out without extreme 
care and expense. 
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Specific Heat as Applied to Iron, Steel, and Water 
in Boilers. 



As before stated* a British unit of heat is the amount 
"required to raise one pound of water 1° Fah. 

; This is the standard by which we compare the amount of 

heat required to raise the temperature of any other substance 
1°, and whatever the difference may be is termed the 

I '* Specific Heat" of such substance compared with an equal 
wBight of water. The ** specific heat" of the metals com- 

I pared with water is as follows: — 

k Water at 32= Fah. is . . . . 10000 

Cast iron at 32"= Fah. is . , , . -1298 

Boiler steel and wrought iron is -1152 
Copper, gunmetai, and brass is 0952 
Water is selected as the standard because it haa a much 
uigher specific heat than anything else known (escept 
, hydrog-en) ^ whereas the Bpecihc heat of all metals is very low. 
j The following e5:ample will give a practical grip of the 

principle of specific heat -. — 

Assume we have to find the difference in the amount of 
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heat required to raise the same weight of iron and water to 
the same temperatare, say^ 212°. 

Weight of iron is . . 1121ba. 
Weight of water is . . 1121bs, 
The specific heat of water is . . 1 
The speeifie heat of iron is ., 1152 
Therefore we have 1121bs. of iron x 212 x -1152 = 2735 
heat units required for the iron, and 1121bs. of water x 212 
^ 23744 heat units required for the water, showing that in 
heating the same weight of water and iron to the same 
temperature, it takes about 9 times more heat for water 
than for iron. 

23744 

Yj^"^ ^ *^"^^ nearly. 

As a rough and ready rule, it may he said that to raise 
the temperature of a given weight of iron, steel, copper, 
^nmetal and brass requires from 9 to 10 times less heat 
than to raise the temperature of the same weight of water. 



Specific Heat of GoaL 

The specific heat of average coal is -2412^ usually taken as 
being ^Jth that of water, consequently, taking previous 
example — viz., raising the temperature of equal weights of 
iron and water to 212° — and applying the same to coal and 
water, we would haver— 

1121bs, coal X 212 x -25 = 5936 units of heat required. 

and 1121bs, water x 212 = 23744 units of heat required, 
showing it takes 4 times more heat to raise the temperature 
of the water than the coal, aU other things being equal. 

We burn eoal in a furnace for the purpose of transmitting 
all its available heat energy to the water in the boiler ; and 
as the natural consequence of confining boiling water is to 
generate steam, we do our best (which is not much) to con- 
vert all this heat energy into mechanical work, and it is 
important to remember and realise that the higher v?e get 
the initial temperature and the lower we get the temperature 
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of the exhaust, the greater will be the efficiency of both 
engine and boiler— or, what is the same thing, as the initial 
steam pressure is increased and the exhaustive pressure de- 
creased, the greater will he the efficiency and eeonomy of 
our machi^en^ 



Total Heat in Steam— To find it without the Tables. 

"When we increase the steam pressure does the total and 
latent heat remain constant? No-, it does not. The total 
heat is increased and the latent heat becomes less. 

In the old days, before the experiments of Regnault and 
others, it was assumed that the latent heat was a constant 
quantity. Now we know better, and as the pressure rises 
the latent heat is less and the total heat more, but not much. 
How muchf The total heat in steam at 212° is 1146°, and 
from experiment it has been found that for every degree of 
temperature above 212° the total heat in steam increases 
■305°. Therefore, if we multiply the number of degrees 
over 212° by -305, and add the result to 1146. we get the 
total heat in steam at any pressure. 

Example. 

Take a boiler with a working pressure of ISOlbs. on steam 
£^auge. We want to Rud the total heat in the steam ? 
Steam at ISOlbs. has a temperature of 37S)° Fah. 



Therefore 379 

And 165 

Then 1146 



212 = leS'^ over 212^ 
■305 ^ 51*^ more heat in it. 
51 ^ 1197°, the total heat in 
[steam at ISOlbs. pressure. 
Take another example, where the steam pressure is only 
201bs. 

Steam at 20lbs. pressure has a temperature of 259**. 
Therefore 25£» ^ 212 = 47'' over 212, 

And 47 X -305 =^ 14° more heat in it. 
Then 1146 + 14 ^ 1160° the total heat in 

[steam at 201bs. pressure. 
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Temperature of the Fire in Fumacefl. 



It is by no means easy to get at the temperature with any 
certainty, &s it may, and does, vary considerably according 
to the quantity and quality of coaL the amount of air sup- 
plied, the force of the draught, etc. The instruments used 
(pyrometers) for dett^rmining such temperaturea also pre- 
sent a difficulty, as the results obtained are by no means 
reliable. The following may, however, give a general idea 
of what is received as being approximately e«rrect< 

Assume that our furnaces are so arranged that in burning 
good eoal we get perfect combustion, then under such con- 
ditions we would get the highest possible temperature. 
The result of burning one pound ot" coal perfectly would 
be 2'931bs. of carbonic acid, ■451bs. of steam, and 8-49lbs. 
of nitrogen, equal to 11^871bs. altogether. The spec-iiic 
heat of eoal is approximately Jth that of water, therGfi)re 
ll-87x ■25^2 9 units of heat required to raise the tempera- 
ture of the furnace 1° ; and as the total heat of combustion 

14500 
is, say, 14500*, we have —^ = 5000"^, the theoretical 

maximum temperature of furnace, allowing the air to have 
been supplied at a normal tt?mperature of 60°. 

The published records relating to furnace temperatures 
are limited, and vary considerably. Even D. K. Clark, in 
his excellent work on ''Steam Engines and Boilers," 
treats this question empirically — that is, he assumes most of 
the data necessary to work out the calculations, and em- 
bodies his results in a tabulated form, which is probably not 
far from being correct. Clark ^s table shows that although 
when burning from 5 to lOlbs. of coal per square foot of 
grate bar the temperature is comparatively low, froia 1400* 
to 1500"^, yet with a high rate of combustion, from 40 to 
120lbs. per aquare foot, the temperature does not increase 
materially, and may be set down at an average of 2000^ Fah. 

There is a eonaiderabk difference in the temperature of 
marine furnaces, and those encased in brick, whose internal 



surfaces are usually cnrefnlly coated with some good non- 
conducting material, the object of which is to conserve and 
confine the radiant heat from the coal, and they are 
arranged in a way that such radiant heat shall, as it were, 
be returned to the fire by counter radiation, as it caunot 
get away. It is in this manner and by sueh means that re- 
verberatory and other furnaces are kept and maintained at 
such high temperatures. In return tubular boilers, with 
internal furnaces, the conditions are very different. The 
radiant heat in such cases is not conserved, confined, or 
given back to any great extent, but is quickly absorbed, 
passing rapidly through the surface plates (whose tempera- 
ture on both sides is assumed to he the same, or nearly the 
same, as the water in the boiler) , making it impossible to 
keep up. or even approach, the theoretical temperature of 
combustion. Taking, as showHj 5000° as the maximum of 
perfect combustion and 2000* as the average of practical 

2000 
working, we get - — = '40 pt^r cent, of the theoretical 
aOOO 

temperature of perfect combustion in internally fired fur- 
naces with natural draught. 

How the Force of the Draught is Galculated. 

The draught power of a chimney or funnel depends on 
the height and is independent of the internal area, and its 
efficiency is greatest when the volume of the escaping gases 
is double that of the external air — that is, when the hot 
gases inside are about one-half the weight of the air outside. 
To obtain such conditions, the temperature of the outside 
air would be ^0'^ Fah.. and that of the gases in tunnel 552"^ 
Fah. ; then if the height of the funnel or chimney {measuring 
from fire bars) be 100 feet, such gases have a velocity due to a 

100 
heml of -^ 50 feet. 



To show how the force or power of this or any other 
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draught, either naUiral or forced, may be ealeulated, 

(rousider a column uf water 100 feet high; the pressure 

100 
on bottom of colurnu would be -^-^ = J:3-5lbs. per square 

inuh, because a column of water 2-3 feet high and a square 
inch in section weighs one pound, and as air is 820 tiroes 
lijfhter than water, the pressure on the bottom of an air 
column 100 feet high must of necessity be 820 times less 
than on the water column, and. as in the above example. 
the weight uf the escaping gases is only one-half that of the 
external air, our air pressure or force in funnel must be 
820 X 2 = 1640 timiis l(^ss than water. Therefore we have 

1200 



100 feet X 12in. ^ 1200in. high, and 



1640 



75in, or Jin. 



of water, the foree or power of the draught — that is to say, 
the foree of the draught in this chimney is equal to support- 
ing a column of water Jin. high. 



Heat Lost Through Draught. 



I 



The pnsvious exumple shovvs clearly that we ean only pro- 
duce the rerpiircd draught by the expenditure and loss of 
a coiisiderRlile amount of heat. To obtain a good draught 
meauM that the temperature of the escaping gases iu chimney 
must not be less than 5W Pah,, and if we take the tempera- 
ture of the furnace at 2000, then a rough and ready rule 
easily remembered would be to divide the furnace by the 
funnel temperature, the result being what we lose — -thus 
2000 
-gO^ = 1 = 25 per cent. 

This rule, however, is scarcely sufficient, and the follow- 
ing is the usual method of ealeulating the loss : — 

Multiply the weight of air and coal by the difference of 
temperature between inside and outside of fujinel, and also 
by the specific heat of air. This, divided by the total heat 
iu one pound of coal, represents the loss. 
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Example. 
LSSUTne it takes 24Ibs, weight of air ta burn one pound of 
coal ; the result is 24 + 1 ^ 251bs. of gases. And if the 
difference in temperature between Inside and outside of 
chimney were 550'^ Fah., then, taking the specific heat nf air 
at ith that of water and the heat units in one pound of coal 

(24+1) X 550 X ^25 
at 14500, we have ^ =23*7 per cent, of 

the heat carried off and lost in produeing the draught. 

The increase of draught due to extra height may be 
approximately stated to be equal to supporting" tV in. of 
water for every 10 feet of heigtht — that is, if a chimney 60 
feet high had a draught equal to ^^ in. of water, then by 
making it 70 feet high the force of the draught would 
support A ill- (or^in.) of water. 



Modern Forced Draught. 

"When coal is burnt under ordinary conditions — that is, 
with natural draught, the amount consumed is about IBlbs- 
per square foot of fire grates and if we want to get more 
power out of a boiler, the force of the draught is increased 
by meehanieal means. This is usually done by the intro- 
duction of fans, which force the air at the required pres- 
sure, either imder or over, and sometimes both under and 
over, the fire. When the force of the draught and the heat- 
ing surfaces are arranged proportionately to bum two, 
three, or four times the quantity that can be consumed with 
natural draught, then, according to the theory of the 
prineiple, we should, aud would, get two, three, and four 
times as much power from every square foot of grate bar — 
that is to say, if four times 16 or 641bs. of coal is consumed 
per square foot of grate, then one boiler would do the work 
and develop the same power as four boilers working under 
ordinary conditions with natural draught. But, like many 
other things pertaining to engineering, there is a wide 
difference between theory and practice, as for various rea- 
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sons it is found that the intensity of this draught ia limited^ J 
and anything in excess of a force capable of supporting ifl 
column of water 3in. in height gives no end of trouble— ia 1 
fact, this force in the ash-pit$ seldom exceeds l^in. of 'W'eter, I 
as the height of column at the fan is generally reduced I 
(through friction, etc) from 30 to 40 pet cent, befow it I 
gets to the fire bars. I 

The causes which restrict and limit the force of the 1 
draught are various, but intense local heating, inrtisli of ' 
cold air, cleaning and banking fires, sweeping tubes, extreme 
variations in temperature, defective design, bad circnlation, 
etc., have been assigned as reasons for over-heated furnaces, 
springing of tubes, burning of tube ends, bulged tube plalw, 
sprung landings, leaky rivets — in fact, actual esperience has 
demonstrated that when forced draught is used it must 
be like boiler steel, very mild indeed. 

There is still a considerable difference of opinion amongst 
engineers as to its efficiency or otherwise. Without disaus- 
sing it in detail, there is one thing which materially affects 
those in charge of it, and it is this— that builders and owners 
in many cases scarcely realise the absolute necessity' of 
special provision being made for an ample supply of really 
pure water in making up the loaa. Evaporators^ as a nd*- 
are in nine cases out of ten far too small for their work, 
and in those fitted with '* coils,'' to prevent priming^ i^^ 
engineers are obliged to keep the water line so low as to 
leave at least one-half of the heating surface totally im- 
eovered, and even then a large majority of them prime badly- 
What appears to be one (if not the principal) fault is tli*t 
in all such machinery the area of water level is contracted; 
the steam generated cannot leave the surface freely, but 
lifts and earries a certain percentage of salt water direct 
into the condenser, and in such cases it is more or less a 
trap, which, unless well watched, may with an intense forced 
draught do an enormous amount of damage. Another thi^? 
which appears to have received but scant consideration is 
that the area of water level required for such a low presure 
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requires to be very much greater (as previously shoT.vn) than 
for a high pressure ; an d if the sect ional a re a in our 
evaporators were increased 50 per cent., we would probably 
have less trouble ; and if in con junction with this the purifi- 
cation of the ''feed'' received the attention it deservea^ we 
should be able to work this forced draught with a great 
deal more confidence and satiafaction. 

It should always be remembered that if we bum 32 
instead of 161bs. on every square foot of grate we tax the 
absorbing power of the water in the proportion of 2 to 1 — 
that is. the water has to absorb double the amount of heat 
in the same timej and personal experience has proved that 
Tinleaa the internal surfaces are kept quite cleau, and 
especially furnace crowns, the plates will be overheated. 

This has been practically demonstrated in boilers carrj'- 
ing 1601bs. of steam, where the force of the draught in ash- 
pits was not more than l^in, of water, and a lime scale on 
furnaces no thicker than a sixpence. 

But it may be asked — -How about a locomotive where the 
amount of coal burnt is often as much as 80 to lOOlbs, per 
square foot of grate, and where the force of the draught is 
niore than double that used in marine practice? This is a 
very pertinent question. But it must be remembered that 
in a locomotive the fire-box is generally of copper, which is 
a much better conductor of heat ; the surfaces in fire-box 
are all flat, and stayed every 4Jin. ; that the water is gener- 
ally pure and clean ; that where impure water is used the 
result is the more or less bulging of plates between the 
stays, which under exceptional ctrcumatancea (if the water 
is very bad) may split the plate. But in marine furnaces, 
and especially those of large diameter, it is very different, 
so far as safety is concerned, because the ^*feed" is never 
pure and clean, and as the strength of such furnaces 
depends almost entirely on their being and remaining — com- 
paratively speaking — true circles, any overheating or 
change of shape is of greater importance and more 
dangerous than in fumacea constructed as in locomotives. 
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WATER TUBE BOILERS. 

Tn Marine prat^tice the size and weight of the ordinary 
hibuliir boiler have increased to such an extent that the 
fjuestion of & more suitable design has for some years past 
heen attraetiug eonsiderable attention. There can be na 
lioubt that large boilers of the cylindrical type will nol 
sfifely carry much higher pressures than they are now 
subjeeted to. Some design other than the ordinary 
cylindrical boiler must be adopted when the pressure esa*eds 
20r) ]l>s. per square inch as the thickness of the shell plates 
and furnaces required would, with the larger diampter 
boilers necessary in order to save spaee, make them almost 
impracticable. When we consider that in some of the 
most recent specimens of what are termed ^'Atlantic Grey- 
hounds'* the boilers are 17 ft. 3 in. diameter by 22 ft. 
long and that the weight of each boiler is about 110 tons 
fwithout water) it is only natural to conclude that we mcs* 
be getting pretty near the limits of diameter and thickness; 
hence it is that some of the most capable cng-ineers are oi 
opinion that a change in design is not only desirable bat 
necessary, and that the modern water tube boiler is the 
most likely to comply with the reciuirements. 

The water tube boiler is no new idea; its history dat 
back to early in last century. Scores of patents have beeJ*' 
taken out, but with a few notable exceptions the results have 
been disappointing, few, if any, coming up to expectation*! 
In 1857 they ^vere tried in the Mercantile Marine but wer© 
not successful. As a result of increased experience o: 
higher pressures renewed attempa were made about 1870-7* 
to obtain such boilers^ but again without success ; and for 
some years after this the attempt in (xreat Britain wai 
practically abandoned. m 

In France the trials were continued, wnth the result that 
in 1880 a despatch vessel was fitted with Belleville water 
tnbe boilers, and w^as employed in actual sea service to a 
considerable extent. In 1882 the French cruiser Milan was 
fitted with similar boilers. Experience with these vessels 
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seems to have been satisfactory and the Belleville boiler 
has since that time been extensively adopted in the French 
Navy. 

Soon after the trials in the French Navy the Messageriea 
Maritimes Co. fitted one of their vessels with these boilers, 
followed m 1886 by a mail vessel of 2,400 I.H.P.. and, as 
a result of this experience, boilers of the same type have 
since been fitted to their largest and fastest mail steamers. 

During this time the British Admiralty had been care- 
fully watching the progress of water tube boilers, and as 
far back as 1877 the first Boiler Conunittee reeonunended 
their adoption, but nothing came of it. However, when 
favourable information was received regarding the successful 
working of Belleville boilers in the Mail steamers of the 
Messageries Maritimes Co, running between France and 
Australia, an engineer officer \s'as sent to report on their 
actual working on a voyage to Australia and back. Ilia 
reports were favourable^ and were subsequently confirmed 
by the observations and reports of other Admiralty 
officers. The Admiralty thereupon decided to fit the 
large cruisers Powerful and Terrible, of 25,000 I.H.P, 
each, with Belleville boilers, and in 1897 they had ten 
cruisers either built or building having an aggregate of 
156,000 indicated horse-power fitted with these boilers. 

The '^priuciple'^ of all (or nearly all) water tube boilers 
is practically the same, the only difference being in the 
design and arrnngement of the mechanical details. 

A large class of water tube boilers have an upper chamber 
into which the steam and water are delivered by a series of 
tubes surrounding the fire and connected to a bottom 
chamber or chambers. These chambers are also connected 
with large downcast tubes which serve to keep up the 
circulation through the heating tubes. 

Another type consists of horizontal or nearly horizontal 
tubes placed above the fire connected to suitable boxes or 
headers at each end. On the top of these boxes or set of 
headers is the steam and water drum, from which a suitable 
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connection is made to the bax or header at the other end 
for proper eireulation. 

This class of boiler has the great advantage that the tubes 
can be easily cxarnined, cleaned or removed. 

When the heated water in the tubes begins to circulate, 
being lighter, it moves upwards into the front headers, to 
which are connected vertical tubes whose top ends are jointed 
to a horizontal steam cheat, which is usually half full of 
water. The steam space of the boiler is represented by the 
capacity of the top half of this receiver. The water in the 
lower half flows into a corresponding number of tubes at the 
btick end, then into the heating tubes again, when the same 
operation is repeated. Sometimes, instead of vertical tubes 
at front and baek^ narrow water spaces are fitted and stayed 
in a similar manner to the back water spaces in a single 
ended tube boiler, but the '^principle" so far as circulation 
and generation of steam are concerned is the same. The 
heated water in the tubes over the fire discharges into the 
front space, then into the receiver, out of receiver into back 
water space, thence into the tubes over the fire again, thus 
completing the cycle. 

In the past a large majority of water tube boilers were 
expensive and troublesome, so much so that in many cases 
they were discarded. 

Numerous objections were taken to them, such as compli- 
cation of parts, enormous number of joints which were 
awkward to make and difficult to keep tight, imperfect 
circulation, corrosion, disproportion and inefficiency of 
heating surface, impure water causing deposit, limited 
provision for cleaning resulting iu bent or split tubes, 
cramped area of water surface ca\ising priming, large space 
required and great weight of brickwork, etc. 

The advantages claimed are principally increased safety, 
less first cost, less w^eight, a practically unlimited pressure, 
rapid and complete circulation with a quantity of water 
whtjse weight is only fractional compared with that in an 
ordinary boiler, facility and economy of repairs^ eti*. 
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There is no doubt that of late water tube boilers have been 
vastly impraved and that most of the above objectioaa have 
been successfully overcome, and this Kas only been accom- 
plished through expensive experience, increased escellenee 
in material and workmanship, and also by drastic altera- 
tions and improvements in design. 

Water tube boilers cannot be said to be any better as 
steam generators than cylindrical boilers, nor can it be 
said that they are less efficient in that respect. They are, 
however, 20 per cent, to 40 per cent, lighter, according to 
the pressure carried, than the ordinary return tube boiler, 
which in many cases is a consideration. 

The modern water tube boiler may be divided into two 
classes, the one having fairly large tubes and suitable for 
ocean-going steamers, the other having small tubes, only 
used in small vessels having short nms at a high rate of 
speed, and generally known as ** Express Boilers/' Each 
of these classes again can be subdivided into two divisions^ 
the one having the upper end of the tubes under water or 
what is Itnown as drowned tubes, and the other having the 
ends of the tubes above water level, the circulation being 
maintained by priming and discharging into the steam space, 

BELLEVILLB BOILER. (Fig. 39.} This boiler 
consists essentially of a steam and water chamber and a 
lower water chamber connected together with a series of 
straight zig-zagged tubes of comparatively large diameter. 
There is also an external return tube on each side connecting 
the ends of the upper and lower chambers. The generating 
tubes are eneloaed in a sheet iron casing in which the flame 
and gases are confined. The firebars are placed about two 
feet below the lowest tubes. Baffle plates are secured 
amongst the tubes^ placed to secure that as far as possible 
the gases will traverse the whole surface of the tubes before 
escaping to the chimney. The generating tubes are 
arranged in sections, technically known as '^elements.'* 
These tubes are connected at the ends by junction boxes of 
malleable cast iron, and are zig-zagged so as to form a flat 
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wator in the drum it flows along the bottom to the return 
tubes. The water in the steam drum, o\"riiig to the admix- 
ture of feed water, is of course colder than the steara that 
is being discharged from the elements, and special precau- 
tions are taken to prevent this colder water entering the 
elements from the top and preventing the continuous dis- 
charge of steam. It is for this reason that the internal 
pipes already mentioned, and which are carried up for 
about 8 inches from the bottom, are fitted, leaving the lower 
part of the chamber free for the return water. 

The water from the return tubes hag to pass through a 
non-return valve to a sediment chamber before entering the 
lower water chamber. This non-return valve is for the 
purpose of preventing the water leaving the elements and 
ascending the return tubes when the vessel is rolling, and 
also to regulate the direction of the circulation when raising 
steam. 

The Sediment Chamber ( Fig. 42 ) has a fairly large space 
at the bottom where the water is comparatively quiet, so 
that nearly all the grease, lime, or any other solid matter 
settles at the bottom and so does not get into the generating 
tubes. A blow-off eock is fitted to the bottom of this 
chamber by means of which any deposits which accumulate 
there are blown out. 

A certain quantity of lime is admitted with the feed 
water. The intention is that the grease contained in the 
feed water will adhere to the small particles of liine and 
thus acquire sufficient density to quickly settle as a deposit 
in the Sediment Chamber. To a great extent this does take 
place, and a large proportion of the grease and other 
deposits are trapped and blown out. 

Automatic Feed Apparatus* (Fig. 43.) This is a most 
important fitting on a Belleville boiler, by means of which 
the water in the gauge glass is maintained at a constant 
level. 

Without this apparatus or its equivalent the working of 
a boiler of this description would be practically impossible. 
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Ab previously mentioned, the feed pumps are proportioned 
BO as to maintain a mueh higher ppossure in the discharge 
pipes than exists in the boiler. For a boiler pressure of 




Fia. 4:1.— BELLEVII.LE BOILEfi SEDIMENT CHAMBEE. 



250 lbs. J the pressure at the pump would be about 600 lbs. 
The automatic feed regulator will he easily understood 
ly referring to the drawing. It consists of a chamber 
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FIG. i3.— B£LL£;Vll.Lfi BOILEB AUTOUATIO FEED. 
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which is connected at the top and bottom with one element 
of the boiler, and to this chamber one of the gauge glasses 
of the boiler is attached. The chamber contains a float 
which is moved up or down by the water contained in the 
chamber. This float has to be of a substantial character 
to withstand the external pressure, and ia balanced 
by outside weights (C) and spring so as to enable it to float 
freely when half immersed. The deliverj^ from the feed 
pump is carried to a valve which is connected to the float 
by a system of levers and the weights and spring already 
mentioned, in such a manner that, as the water level rises 
and lifts the float, the external weights and spring acting 
on the end of the lever close the valve and the admission 
of feed water to the boiler stops until the water level in 
the chamber again falls far enough for the float to descend 
and again raise the weights, thus opening the valve. 

It will be noticed that there is no connection between 
the ingoing feed water and the regulating chamber, the 
feed valve being bolted to it only as a matter of convenience. 
There is a direct connection between the feed regulating 
valve and the cheek valve on the boiler. 

Great care has to be taken in fitting the parts of this 
gear, knife edges are fitted to all bearings, and every 
precaution taken to reduce the friction to a minimum. 

Aa already explained, the forces tending to open or shut 
the feed valve are brought about by the action of the float 
due to the rising or falling of the water level beyond the 
water-borne positiooj increased by the internal lever. There 
are, however, several other forces acting on the valve, viz., 
the boiler pressure on the spindle A, the feed water pressure 
on the valve at D, and the feed water pressure above the 
valve, which as previously stated is much greater than the 
boiler pressure. 

We will now consider the action of the whole of these 
forces on the valve when the float is just water borne and 
the valve shut. Under these conditions the pressure between 
the valve and the boiler will be practically the same as the 
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boiler pressure. The bore of the feed valve and the spindle 
A are made the same diameter, and, having the same 
leverage and being subject to the same pressure, these farces 
will neutralise each other. The pressure of the feed water 
above the valve has no effect because the spindle B is made 
the same diameter aa the bore of the valve; therefore the 
pressure upwards and downwards is equal, so that no matter 
what the pressure may be between the pump and the regulat- 
ing valve it has no effect upon the valve. 

It will thus be seen that if the gear is properly designed 
and the valve is just shut everything is in a state of equilib- 
rium, and the only force tending to open the valve will be 
that due to a deficiency of buoyancy of the float. Wlien, 
however, the valve is open the feed pressure between the, 
valve and the boiler becomes greater than the boiler pressure 
and tends to close the valve; the water level has therefore 
to fall a little to overcome this to keep the valve open. 

Water Level. In the ordinary cylindrical boiler under 
working conditions the water in the gauge glass shows 
approximately the water level inside the boiler, but in the 
Belleville boiler this is not so, the water level in the glass 
depending entirely on the rate of evaporation. The gauge 
connections — or^ what is the same thing, the feed reg-ulator 
chamber connections — are attached to the bottom tube 
junction box and the seventh from the bottom. The gauge 
will therefore indicate what takes place iu that portion of 
the element, the total height of the element being ten pairs. 
This position has been found by experiment to give the 
correct amount of water inside the boiler when the water in 
the gauge glass is showing at the working height. 

It must be remembered that when the boiler is at work 
the water in the tubes is not solid to what may be termed 
the water level, but the whole of the tubes are full of a 
mixture of water and steam, the steam gradually increasing 
in volume as it ascends the element and becoming great^t 
in the upper tube. The water in the gauge glass really 
represents the difference of pressure due to the mixture of 
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arteam and water at the two points of attaeliineiitj and also 
the excess pressure at the lower tube necessary to cause the 
water and steam to flow from one point to another through 
the tubes. The water showing in the glass therefore does 
not show the water level inside the boiler except, of course. 
when the boiler is at rest, but at any given rate of evapora- 
tion it is simpl>" a measure of the quantity of water inside 
the boiler. 

El It has been proved by experiment that when the water 
level is about half way between the two connections 
there is always sxiffieient water in the mixture to prevent 
overheating of the tubes, 
I As the rate of evaporation is increased it is evident that 
the velocity of the water and steam in the tubes likewise 
increases, and, as a consequence, there must be an, increase 
of pre^ure at the lower tube to insure this flow. This 
increase of pressure in the lower tube would of course 
cause the water level in the chamber to rise although the 
amount of water in the boiler is not increased. 

As the feed regulator is designed to shut off the feed at a 
constant level in the chamber, it is evident that the amount 
cf water in the boiler must vary with the rate of evapora- 
tion. The question naturally arises, what is the actual 
amount of water left in the boiler at different rates of 
evaporation? To settle this question a boiler was experi* 
mented with, and the following results obtained, the water 
in the gauge glass in each ease indicating the same level :— 
The boiler with cold water level at working height held 
3.000 lbs. water; when burning 12 lbs. coal per aq. ft. of 
grate the amount of water had been reduced to 2,400 lbs. ; 
at 20 lbs. per sq. ft. it was 2,100 lbs. ; and at 30 lbs. it was 
reduced to 1,600 Iba. By the above figures it will be seen 
that the amount of water in the boiler is almost exactly in 
►roportion to the rate of evaporation. 

A study of the above will at once show the reason why it 
is that the feed pumps attached to these boilers either go 
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FIG. 45.— BELLEVILLE BOILEB BEDUClNa ^ALYE, 
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alow or stop wlien speed ia being increased, and work" 
rapidly when slowing down. 

Reducing Valve. (Figs, 44 and 45.) The working 
pressure carried on the Belleville boiler is alwaya arranged 
to be about 50 lbs, per sq. in. above the pressure required 
at the en^nes. The steam is supplied to the engines 
throTigh n reducing valve which wire draws the steara j this 
has the effect of drying up any moisture contained in the 
steam before reaching the engines. Owing to the amall 
quantity of water contained in the boiler and the very 
limited steam space, Huctuations of pressure are much more 
liable to occur than with a cylindrical boiler; the reducing 
valve tlierefore becomes a necessity so as to maintain a 
steady pressure at the engine stop valve. 

The reducing valve ia simply a bell-shaped piston valve 
worked by a spring-loaded plunger. The piston has a 
nuraber of small ports, and there are corresponding porta 
in the valve liner. The load on the plunger is so arranged 
that when the pressure in the steam pipe reaches the 
required amount it overcomes the load due to the springs, 
and closes the ports. These valves are very efficient, and 
fhe pressure at the engines is almost constant. 

Between the boiler and the reducing valve a large auto- 
matic separator is always fitted, and discharges the water 
separated from the steam into the condenser. 

All the work on a Belleville boiler has to be of a very 
high character^ which makes it costly to manufacture, and 
even with all the care taken it loses so much water through 
numerous small leaks that its efficiency is seriously 
impaired. 

BABCOCE AND WILCOX BOILER. (Figs. 46, 47, 
and 48.) Thi?^ boiler consists of an arrangement of inclined 
tubes, sinuous chambers or '* headers/' to which the tubes 
are attached^ a horizontal steam and water drum, and a mud 
drum. The furnace is, of course, below the inclined tubes. 
and is usually the full width of the boiler. 
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tubes are placed at an ang^le of 15 degrees from the 
hqrizcmtal to ensure a eoutinuous circulation in one direc- 
tion, and are divided into vertical sections or elements. 
Each section is made up of a aeries of straight tubes 
expanded into the sinuous steel headers. These headers 
are of square section, and made of solid ateel welded up 
and neatly finished* 

The steam and water drum^ which is of ample size, extends 
across the front of the boiler, and is connected to the upper 
ends of the front headers by short tubes. The upper ends 
of the back headers are connected to the steam drum by 
orizontal tubes. 

The mud drum is a wrought steel box of square section, 
"and is placed across the bottom of tTae front headers, which 
are connected to it by short tubes or nipples. This box 
being placed below the lowest part of the tubes collects any 
deposit or sediment. The blow-off cock is fitted to this 
chamber, and by its means any accumulated deposits can 

blown out, or the boiler completely drained. 

A handhole is provided opposite each tube in the header, 
by means of which the tubes can be examined, cleaned or 
renewed. 

The circulation is good. The mixture of water and steam 
delivered into the steam drum impinges against baffle plates 
which separate the steam from the water. The steam and 
water drum is also £ttcd with wash plates to steady the 
water when the ship is rolling. 

' The Special Boiler Committee appointed by the British 
Parliament reported favourably on these boilers, and 
consequently a large number of battleships and large 
cruisers have been fitted with them. They are also largely 
used in the American Navy, and have given great satisfac- 
tion. The simplicity of the design, their cheapness, and the 
eaae with which repairs can be accomplished will no doubt 
recommend their adoption in the Mercantile Marine to a 
much greater extent in the future than has been tlie ease 
in the past, but Marine Engineers are not fully convinced 
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as to their length of life and efficiency as compared with 
an ordinary cylindrical boiler. 

In the Marine type there are two designs, one having large 
and mediuni-sis^ed tubes (known as mixed tube boilers), and 
the other having large tubefi throvigbout/ The mixed tube 
type gives a greater power for a given weight and space, but 
the large tube type finds most favour in the Mercantile 
Marine. The boiler illustrated by Figs. 46, 47, and 48 is of 
the mixed tube kind. It will be noticed that four small 
tubes take the place of one large one, and consequently give 
a greater heating surface in the same space. 

YARROW BOILEK, (Fig. 49.) This boiler, which is 
of the drowned tube class, has proved the most successfiil 
of the '* Express" boilers. ' 

It is one of the few recommended by the Boiler Committee 
to the Admirnlty for further trials and use in large ships, 
but with larger tubes than are usually fitted in ''Express** 
boilers. 

STIRLING BOILER. (Fig. 50.) This boiler has given 
satisfaction to steam users on shore, and is now being e 
ployed for I^Iarine work. The illustration shows the style 
used on board ship ; for land work it is generally made with, 
two bottom chambers. The feed 'water is delivered into the 
rear top chamber, the tubes connecting this with the bottom 
chamber acting as downcast pipes and feed water heater. 
Any sediment is deposited in the bottom chamber am 
blown out through the blow-off eock. 

NICLAUSSE BOILER. (Figs. 51 and 52.) This boiler 
consists of a series of inclined double tubes, one inside the 
other, attached at the front end to vertical headers in such 
a manner that the colder water flows down the inside tube 
and returns to the front between the two tubes. The 
headers are made of east steel or malleable cast iron, and are 
connected to the bottom of the steam drum by short neck 
pieces. A diaphragm in the headers completely separates 
the down-coming water from the ascending currents of h. 
water and steam. Each vertical row of tubes is attached 
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a separate header forming an element; the currents in eael 
element are therefore qllit^5 indepeiident of the others. 

The attachment of the tubes to the headers is a special 
feature in this boiler (Pig. 53), The tubes are passed in 
from the front and fitted into tajjered holes, and are kept 
in position by dogs on the cmtside. These joints are said 




PI&. 5a — STIELING BOILEB, 

to give no trouble, and a tube can be withdrawn for examina- 
tion and replaced again in a few minutes. The back ends of 
the tubes are reduced in diameter, are fitted with caps, and 
are supported by a plate having holes in wbich the tubes rest. 
The headers are connected at the bottom for blowing-off 
purpoaeSf but it is evident the boiler cannot be completely 
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'emptied except by taking out the tubes or removing tlie 
back end caps. This is certainly a great drawback, 
^k^pecially where the staff is limited. 




FIG. *1.— NICLAUSSE BOLLEB. 



HEBBURN BOILER. (Figs. 54 and 55,) This boiler 
consists of two steam and water druma, and two mud 
drums connected by nearly vertical tubes and cross tubes 
.jBlightly bent at the ends. 
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A 8pB{!ial feature ia the path of the hot gases, whiek is 
arrangi^d that every portioa of the heatuig sariatc 
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do its fair Hhart^ of the work, and the eombustion is said 
to be extremely good. 

The feed water is pumped into the boiler at the rear end 
of the steana drums and descends through the back divisioD 
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of tubefi, depositing any sediment it eontains in the mud 
drum ("lose to the blow-off cock. 

The cross tubes between the steam and mud drums serve 
to maintain the sanriL* water level in both sectiorts of the 
boiler. 
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The boiler is extremely simple, and the steam trials have 
been highly satisfactory. It ia amongst the youngest of 
the water tube family, and has not yet been adapted to suit 
Marine requirements. 

In the foregoing pages boilermaking has been brought 



235 



right up to date, and the effort made to explain the prin- 
ciples of strength and construction in a phiin practical man- 
ner may perhaps be of some use in assisting the engineer 
and boilermaker to understand, appreniate and apply what 



3, via.:'— The rules (Board of Trade) which govern the 
construction of machinery in this coimtry. 

"Lloyd's" rules are also given, and will b^* and very 
useful for reference. 




REGULATIONS AND SUGGESTIONS 



[sshed by 



THE BOARD OF TRADE 



deularntLon. 



RespoDBlblllt^ 
of Sucreyars. 



The following Hegulations and Suggestions issued 
by the Board of Trade arc* specially applicable for 
Engineer Surveyors. The numbers given are the 
official numbers of the respective clauses. 

3. The declaration of the Engineer Surveyor mnst 
contain stateraeDts of the following particniarSj 
namely :— 

(a,) That the machinery of the steamer is 

sniBcient for the service intended, atid in 

goad condition; 
(6.) The time (if less than one year) for which 

the machinery will be sufficient ; 
(c.) That the safety valves and fire hose are such 

and in such condition as are required by 

the Act; 

(d.) The limit of the weight to be placed on the 
safety valves; 

(eO The limits (if any) beyond which, as regards 
the machinery^ the steamer is, in the Sur- 
veyor's judgment, not fit to ply; 

(f.) That the certiiicates of the engineer, or en- 
gineers, of the steamer are such as are 
required by the Act. 

4. Surveyors are in do case to give a declaration 
either for the hnl], machinery, boilers, or equipments 
of a steamer unles-s they are satisfied that all the re- 
quirements of the Act have been complied with. 
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The Board of Trade will hold any Surveyor re- 
sponsible to the fullest extent for the performance of 
tiie duty entrusted to him, and will support him in 
any reasonable steps he may think necessary for the 
full performance of his duty. 

It is the duty of the Surveyor to satisfy himself 
personally regarding every detail of the survey of a 
vessel, and not to trust to any certificate or other 
document given by any person not responsible to the 
Board of Trade. This instruction does not, of course^ 
apply to certificates of compass adjustment. 

5. A Surveyor in the esecutiou of his duties may ^^Tv^^jar^, 
go on board any stenraship at all reasonable times, 
and inspect the same^ or any part thereof, or any of 
the machinery, boats, equipment, or articles on 
board thereof, or any certificates of the masters, 
mates, or engineers, not unnecessarily detaining or 
delaying the ship from proceeding on any voyage; 
and if» in consequence of any accident to the ship, 
or for any other reason he considers it necessary, 
he may require the ^hip to be taken into dock for 
the purpose of surveying the hull. 

If any person hinders a Surveyor from going on 
board any steamship or otherwise impedes him in 
execution of his duties under the Act, he is 

tble to a penalty not exceeding £5. Any such ease 
should be reported to the Board of Trade. 

Surveyors are bound to make such returns as the 
Board of Trade require with respect to the build^ 
dimensions, draxight, burden, rate of sailing, room 
for fuelj and the nature and particulars of machinery 
of ships survi^yed by them; and the owner, master 
and engineer of any ship so surveyed are bouud^ on 
demand, to give the Surveyors all such information 
and assistance as they require for the purpose of 
those returns. 



2S8 



IpftJIiplCtioH til 

be ma'le In 
the nffwin*-!^ 
of Qiivner. 
ui:eTil. or 



Written 
fltatPiqent of 
repafra 
wqulred to 
be xlTen« 



SurToror to 

pOBHlblet but 
to BtgB only 
for deUlls 
iHirTejecl. 



6, Surveyors shouldj if possible^ make their in- 
spection when the owner, agent, master, or chief 
mate and chief engineer of the vessel are present. 
Defects can then be pointed out to the proper per- 
sons without incurring the uneei"tainty and delay 
attendant upon messages delivered to subordinate 
oflScers. If the owners do not instruct a responsible 
representative to be present, the Surveyors will, if 
proper facilities have been given, proceed with the 
survey in his absence. 

7, In order to prevent mistakes as to the natare 
and extent of repairs required by the Surveyors, 
whenever they cannot give a declaration until re- 
pairs are effected or alterations made, it is neeeasai-y 
that a written statement of the nature and extent ol 
the defects to be remedied or alterations required, 
should in all cases be ^iven to the owner or ag-ent, 
whether applied for by him or not. A copy of the 
above should always be taken in the office press 
letter book. 

If any difference of opinion should arise or any 
questions be raised between the Surveyor and the 
owner, manufacturers, or other person interested in 
the survey, the case should be reported to the 
Principal Officer. 

8, It is most desirable that a Surveyor should com- 
plete the survey of a vessel in every detail when he 
has commenced it, and^ if possible, arrangements 
should always be made to secure this. In ex- 
ceptional cases, however, when this cannot be 
arranged, one or more Suiweyors should complete 
the parts of the survey left unfinished. The Sur- 
veyor who commenced the survey should not sign a 
declaration for any details which he has not sur- 
veyed, and for which consequently he is not prepared 
to hold himself personally responsible. He can only 
relieve himself from entire responsibility for every 



2Z9 



I 
I 



detail, hy distinctly noting on his declaration the 
points to which he has been unable to attend. 

The Surveyor or Surveyors, who attend to the de- 
tails of the survey which have been left unfinished, 
fihould also give declarations for the particulars they 
liave attended to. The aupplenientary declaration 
should be attached to the main declaration. 

9. If a vessel usually plyinjs: in one district is 
taken to another district to be surveyed, the Sur- 
veyor in the latter district is not to give a declaration 
without first communicating with tke Surveyor in 
the former district^ and^ if there is any difference of 
opinion regarding the fitness of the vessel, the 
question should be referred to the Board of Trade. 

The survey of steam ships for passenger certifi- 
cates, other than foreign going or home trade, should 
not be completed in 3nj district other than that for 
which the certificate is required^ and in which the 
vessel is intended to ply. Persons who are interested 
in this regulation should be informed that a survey 
for such classes of certificates made out of the plying 
district, may not be sufficient for dispensing with 
another survey when the vessel arrives within such 
district, and for this further survey a fee of £1 will 
have to be paid notwithstanding the payment of fee 
for the previous survey. 

This does not apply to the survey of the bottoms 
ol these vessels in dry dock, or to inspections of 
them during construction, which may be performed 
at any port, provided the Surveyors forward the 
usual declaration to the Sur^'eyors at the port at 
which the survey is to be completed, in order that it 
may he there connected with the main declaration. 

10. Declarations can only be granted for such time 
as the hull, equipments, boilers, and machinery will, 
in the opinion of the Surveyors, be sufficient for the 
service intended; but no declaration should be given 
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far less than three months in the case of a foreign- 
going steam ship^ or tor less than one month in the 
case of other passeng-er steam ships, without the 
special sanction of the Board of Trade. The only 
exceptions to this nile are the cases in which a 
certificate is required for the unexpired portion of 
the dockinj^ time,* or for the unexpired portion of 
the excursion season. 

11. When a Surveyor is» from any reason what- 
ever, unable to complete his declaration, an incom- 
plete declaration should be sent to the person who 
applied for the survey, and it should contain a state- 
ment of the reasons why the declaration is incom- 
plete. The Surveyor will take care to obliterate all 
items to which he is unable to certify. 

12. A report should be sent to the Board of Trade 
of the name, port of registry, and official number of 
all vessels for which declarations are refused. This 
shoidd be done as soon as possible after the vessel 
is withdrawn from survey, and full reasons for the 
refusal should be given. 

The Surveyors will be supplied with a list of the 
vessels for which declarations have been refused, 
and care should be taken that no declaration is sub- 
eeq^iently granted for any vessel contained in this 
list until the Surveyor has seen the papers relating 
to the case. 

Survey of HulL 

13. Surveyors are to determine whether the hulls 
of passenger vessels are in good condition and fit for 
the service for which they are intended ; and they 
are to examine the hulls of such vessels outside and 
inside once at least in every year at such time as is 
most convenient to the owners. 



*Tb© time for wlucii the h'uli has been found to be sufficient 
after Bnrvev in dry dock. 



Delays and inccuveniences may to a great extent ^ 
be prevented if notice is given hy owners when a 
vessel, which requires a certificate^ is undergoing 
repairs, or is in dry dock for any other purpose, as 
this notice may obviate the necessity of re-doeking 
a vessel at an inconvenient time. Surveyors should 
explain this to owners or agents whenever an oppor- 
tunity occurs. 

14. Declarations should not be granted for 
steamers for the North Atlantic passenger trade^ 
which have not hitherto been engaged in that trade, 
without first referring each case speciaOy to the 
BoHrd of Trade for instnictions. 

15. The Board of Trade eaimot regard as a satis- 
factory stirvey of a new steam ship a survey made 
only after the hull is complete, and is cemented and 
painted. Surveyors are therefore instructed to de- 
dine to grant declarations for any new steamer, un- 
less they inspected her before she was painted or 
cemented. Any survey made while a vessel is being 
built is not to interfere with the complete inspection 
afterwards, but is to be made solely with a view of 
enabling the Surveyors to form an opinion of the 
workmanship, materia], and eonstruetion. 

The bottoms of new vessels need not be examined 
in dry dock after launching, if they have been ex- 
amined by the Surveyor before launching, unless he 
lias special reasons for considering it necessary. 

In cases in which Surveyors decline to grant 
declarations in consequence of not having inspected 
the vessel before the hall was painted and cemented, 
the owners or builders should be referred to the 
Board of Trade in order that the Board may decide 
ii) each case what steps should be taken. 

Surveyors are sometimes called upon by owners to 
examine the bottoms of vessels during the night 
time. As such examinations cannot be considered 
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satisfactory Surveyors are iriatrueted not to examine 
the bottoms of vessels except during daylight. 

iia'ifeSi. ^^- -^^ efficient and water-tig-ht engine-room and 

STiirtrtmeU stokehole bulkheadj as well as a collision water-tight 
S?«^S^Sher bulkhead, and an after water-tight compartment to 
enclose the stern tube of each screw shaft, should be 
fitted in aU aea-going steamers, both new and old, 
and in the absence of any of these the case must be 
specially referred to the Board of Trade before a 
declaration is given. As regards other bulkheads, 
although a thorough sub-division of the ship is 
desirable, the Surveyors should not for the present 
refuse to grant a declaration because these are not 
fitted. 

The distance of the collision bulkhead from the 
after side of the stem measured at the level of the 
lower deck should nor be less than one twentieth of 
the vessel's length measured from the after part of 
the stem to the fore part of the stern post, on the 
range of the upper deck beams, in one, two, and 
three decked and spar-deeked vessels, but on the 
range of the main deck beams in awning-deeked 
vessels. 

If the collision bulkhead does not extend to the 
height of the upper or weather deck, full particulars 
should be reported to the Board before a declaration 
is issued. 

The above regulation regarding the position and 
height of the eollisiOR bulkhead is intended to apply 
only to passenger steam ships coming under survey 
hereafter for the first time. 

The collision bulkhead should not have any 
opening in it, nor should it be fitted with any valves 
or cocks for draining the compai*tment in front of 
it. Pipes should not be carried through it without 
the special permission of the Board of Trade. 

In the case of vessels plying within smooth water 
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or partially smooth water limits, -while it is desirable 
that the nbove requirements as to sea-g^oing steamers 
should be complied with, the arrangement of bulk- 
heads may be modified to meet the ease of vessels 
of small size, or carryingf only a smaU number of 
passengers. In all new iron or steel passenger 
steamer.s, however, with the exception stated below, 
an efficient collision bulkhead at least should be pro- 
vided, and declarations should not be issued for 
vessels not so fitted without special instructions 
from the Board of Trade. 

Steam launches intended exclusively for plying on 
verj^ narrow waters will not be required to comply 
with the above regulation, but the intended limits 
should be notified for the Board's approval at an 
early stage of construction. 

17. In all aea-going screw passenger vessels there f^l'^^t^^^a^ue 
should be fitted in front of each stern tube stuffing ^rmn^^m^^*^ 
box bulkhead either a complete water-tight tunnel 
extending from the stuffing bos; bulkhead to the 
after engine room bulkhead, or a water-tight com- 
partment immediately before the stuffing box bulk- 
head, and extending forward of this not less than 
twelve times the diameter of the propeller shaft. 
In either case the tunnel or water-tight compartment 
should be substantially constructed with a stuffing 
box round the shaft at the bounding bulkhead 
through which it passes. The tunnel or compart- 
ment should be capable of confining the water which 
might enter the vessel in the event of any part of the 
aftermost stuffing box bulkhead or its fittings giving 
way. The height and width of the water-tight 
tunnel or compartment should be amply sufficient at 
every part to permit all work which may become 
necessary to the shaft couplings, bearings, &c,, to be 
[performed. 

If there is an opening through the engine room 
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bnlkheHd* or the bulkhead forming the forward 
bonDdfiry of the water-tight compartment a properly 
(^Qustructed Avater-tipht door, capable of being 
expeditiously opened and closed from a point well 
above the deep load line, preferably the upper deck, 
should be fitted to it. If no such opening is pro- 
vided there should be fitted a strongly constructed, 
snffieiently roomy, and perfectly secure water-ti^'ht 
trunkway, extending to the upper deck, so that the 
interior of the water-tig-ht tunnel or compartment 
may be at all times accessible. 

The water-tight tunnels, eompartraents^ and trunk- 
ways Rre in all cases of iron or steel vessels to be 
constructed of wrought iron or steel. 

If there are manholes or openings in the floor of 
the tunnel care should be taken that all are efBciently 
fitted with, eovera or doors so arranged that they can 
easily and rapidly be made water-tight. Cocks or 
valves and pipes should be fitted to let the water ofl: 
the floor of the tunnel or compartment, and should 
be made to open or shut from a point well above the 
deep load line. 

Declarations may be granted for vessels requiring 
only partially smooth and smooth water certificates 
without water-tight tunnels, 

18, When inspecting steam ships, for which 
passenger certificates are required, the Surveyors 
should be careful to examine the water-tight doors, 
especially those in the stoke-hole bulldieads and coal 
blinkers. The Surveyors are not expected to ijisist 
on any particular description of door being fitted, 
nor to raise objections so long as they are satisfied 
that the arrangements provided are such as comply 
with the usual requirements for the service intended ; 
at the same time suitably placed vertical doors, 
which can be opened and closed eflSeiently and expe- 
ditiously, would seera to be those on which most 
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reliance ean be placed, more particularly for closing 
tlie communication with coal bunkers. 

It is desirable that the closing edges of doors 
should be bevelled. 

All doors on bulklieads required by the Regula- 
tions to be watertight should be capable of being 
worked from a point well above the deep load line, 
preferably the upper deck. 

If the Siirveyor is of opinion that there is danger 
of persona being injured while passing through a 
doorway in a bulkhead, owing to the door being of 
a quick closing type or for any other reason, a report 
of all the circumstances should be forwarded to the 
Board before a declaration is issued. 






19. In no ease should a Surveyor grant a declara 
tion for a steamer, the oxitside of the bottom of which JutniSl 
■lias not been examined by a Board of Trade Surveyor 
during- the 12 months preceding the date of survey, 
and in no case should a declaration be granted for a 
longer period than a period terminating within 12 
months from the date of the last outside examina- 
tion. For instance, if a steamer be examined out- 
side on the 1st of Januaryj she wiU be entitled to a 
certifieate for 12 months, i,e,, until the 1st of January 
^following. But supposing the survey is not eom- 
■pleted until the 1st of February, the Surveyor is, if 
the vessel be fit, to grant his declaration for a period 
ending the 1st of January following, and no longer, 
unless the vessel be re-docked for examination. 
Surveyors should not depart from this instruction in 

I any cose without the written directions of the Board 
of Trade. 
20, Before granting a declaration for 12 months, ^I'^C'ioS 
Surveyors should make a thorough examination of 
the outside of the bottom of the ship in a dry dock, 
■ after it has been cleaned and before it is painted. 
Hrhey should examine the pintles and braces of the 
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rudder^ as well as the bearings of the screw shaft 
and the different openings, valves, bolt-heads, &c., 
in the ship's bottom. All bolts connecting: cocks, 
valves, or pipes to the skin of the ship should have 
the heads ontside, and such heads should be either 
countersunk or cnpheaded. All discharge valves 
and sea cocks should be taken out for examination 
while the vessel is in dry dock. 

Before Surveyors finally pass the hull of a vessel 
they are to see it fit for going into the water. 

21. For examining the internal parts of all ships, 
they should have parts of the ceiling removed in 
order that they may ascertain the condition of the 
ship^ they should also carefully examine the cement 
to ascertain its condition, and where they find it 
cracked or doubtful, they should extend their 
examination, and cause such a portion of the cement 
to be removm, as may in their judgment he 
necessary to enable them to form a correct opinion 
as to the state of the ship where covered by the 
cement 

The roses for the deck pumps^ also those for the 
bil^e pumps, should be taken out of the bilges and 
cleaned, and the sluices and cocks on the bulkheads, 
if any, inspected and put in good irorking order. 

The Surveyors should examine very particularly 
all parts of the ship (i.e., plating, stringers, frames, 
doors, &.C.), in the engine room, boiler space, and 
coal bunkers, the bunkers, of coui^e, being empty, 

22, The date of the last outside inspection of the 
bottom is to be entered in the docking bookj as it is 
from that date that the docking time is to count. If 
the hull is not passed at all, or not passed for the 
maximum time (12 months), the fact should be 
noted, both in the docking book aud also in the 
declaration for the vessel. Vessels of which the 
names are entered in the docking book, with no 
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otes to the contrary, will be considered to have been 
sed for 12 months, and the Surveyors who in- 
spected them will be held responsible for passing 
them for that period. 

The repairs which have been executed from time 
to time should be recorded in the office docking 
"book. 

23. Any questions of doubt aa to the strength o£ f^^^ "' 
vessels should be referred to the Board of Trade, 
and in future midship seetions are to be sxibmittedj 
at as early a date as possible, in the case of all new 
steam ships building under survey for which 
passenger eertificntes are required, unless the Sur- 
veyor has satisfied himself that the scantlings are, 
in the ease of iron or steel vessels, in all respects at 
least equivalent to the standard laid down in the 
Tables of Freeboard. 

In the case of vessels of such large dimensions that 
the ^* numerals" are in excess of those given in the 
Kules of the Corporations for the survey and 
registry of shipping approved by the Board under 
section 443 of the Merchant Shipping Act, 1894, and 
in the case of vessels of which the length is greater 
than 16 times the depth, midship sections are to be 
submitted. 

In the case of vessels already holding passenger 
certifleates for certain specified limits, Surveyors 
should not issue declarations for more extended 
limits without first obtaining the sanction of the 
Board of Trade. 

When a vessel which has been surveyed for a 
passenger certificate is not in every respect in good 
condition, although the defects may not be sufficient 
to warrant the withholding of the required declara- 
tion, and although the vessel may be practically fit 
for the service intended, the Surveyor should, when 
he grants the declarationj forward to the Board of 
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Trade a report showing: the nature of the defects Id 
question. 

It is advisBhle tliat sketches of the midship sections 
of all vessels entered therein be made in the docking 
book. 

In all cases in which passenger steamers are in- 
tended to be fitted with shoots, for ashes or galley 
refuse, eonstnicted of metal other than wrought iron 
or steely fiill particulars with drawings to scale 
should be obtained by the Surveyor before any part 
of the work is commencedj and at once submitted to 
the Board of Trade for consideration. 



mmSS"; ^^- "^^^ height of the coamings around the open- 

pSs^J^tttiDBP ^^^^ i*^ ^^^ weather deck, and the means provided 
**' for securely protecting or fastening down the sky- 

lights, hatches^ bunker lids, &e,, as well as the 
snflScieney of the water ports and scuppers for re- 
lieving that deck of water, are important items to be 
noted by the Svirveyors in any sea-goiug vessel 
coming tinder their survey. All openings in the 
weather deck of a sea-going steam or sailing vessel 
carryinp; passenger or emigrants, whether snch 
weather deck be a poop, awning deck, spar deek^ 
promenade deck, or forecastle, should be fitted with 
covers so placed and arranged that they may be 
expeditiously shipped and the deck made water- 
tight. 

The openings which are over the stoke-holes and 
around the funnels and engine-room skylights of 
steam vessels should be fitted vrith gratings, as well 
as with iron or steel covers, having- suitable means 
for securing them in position from the weather deck. 
The coamings of such openings should be of ample 
strength and height. 

The other openings in the weather deck should 
be fitted with gratings or hatch covers and tar- 
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^maulins, and also with means for effectually securing 
Hthe tarpaulins and making the openings water-tight, 
H All opening's in the main or lower deck should 
^also be fitted with gratings or hatch covers and tar- 
paulins, or other means for making the openings 
H water-tight. 

^L Each cover, hateh-grating, &e., should be kept and 
^Becitred in a suitable place^ at all times accessible 
Hand near to the opening for which it is intended. 

The covers and coamings of cargo hatchways on 
the weather deck should be water-tight and have 
ample strength and height. 

Many casualties have happened through the 

» engine-room skylights, coamings, companions, &c,, 
being of light construction and insufficiently secured, 
instead of being of sufficient strength to form perma- 
nent parts of the structure of the ship; casualties 
have also arisen through the front of poops and 
bridge-houses being weak and insuffieiently secured. 
The fore and aft beams, or ''strong backs/' in the 
hatchways^ pnd the hatches themselves have often 
been found too weak to bear the pressure of water 
which finds its way ou to them in a heavy sea. 

The Surveyors should, in granting declarations 

Hfor passenger steamers, look especially to these 

points, and if they have any doubt should ceiH the 

attention of the Principal Officer to the subjectj and 

fcahould not grant a declaration without his authority, 

The Surveyors should in like manner in the case of 

ships other than passenger steamers, look to these 

amongst other points when reporting a ship for de- 

Ktention as unsafe, 

^L 25. Sidelights in any part of the vessel 

^Mlirlit become flooded with water, if one of such «°* dM*m?iiiB. 
sidelights were broken, must be fitted with dead- 
lights; but this requirement need not be enforced 
in respect to sidelights in erections above the 
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weather-deckj provided that all deck openiogs are 
properly protected. In the case of vessels carrying 
limited home trade or excursion certificates, side- 
lights in full poops or forecastles, or between decks 
immediately under awning or promenade decks may 
be exempt, except in cases where the Surveyor is 
of opinion that the glass in the sidelight is in- 
sufficiently substantial, or that the breakings of the 
sidelights in such spaces would endanger the safety 
of the vessel. Vessels now carrying passenger 
certificates should not be interfered with^ provided 
the spirit of the Board's regulation is complied with. 
Sidelights in the exempt spaces mentioned above 
should, however, be fitted with deadlights when such 
spaces are intended to he so filled with cargo as to 
render access to the sidelights difficult when the 
vessel is at sea. All stern and other ports must be 
fitted in such a manner that they can he quickly and 
efficiently secured* Sidelights should not be passed 
in which the fittings and framework are made of 
cast iron, in any steam ship coming under survey for 
the first time. This regulation applies to the frame- 
workj &e., and not to the deadlights or storm shut- 
ters, and it need not be enforced in the case of any 
vessel not exceeding 50 tons net register nnd plying 
exclusively within Stm, 5 limits. 
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26. During the winter months from lat September 
to SOth April, vessels with iron decks should not be 
passed for Stm, 1,2, or 3 certificates unless the decks 
are sheathed with wood. 

27. When application is made for survey for! 
passenger certificate of a vessel propelled by elec- 
tricity or other mechanical power^ the Surveyor 
should he guided as to the survey of the hul] and 
equipments by the Board's printed and other regu- 
Ifltions with respect to the survey o.f steam ships. 
If the propelling machinery or any portion of ita 
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accessories is sueh as will, in the Surveyor's judg- 
ment, injuriously afTect the hull or equipnieuts, or 
any portion thereof, the Surveyor should report 
fully to the Board regarding the effects anticipatedi 
as well as to the means, if any, for preventing them 
which the owner is willino: to adopt. 

With regard to the propelling machinery employed 
(inclnding accessories), the Surveyor should, hefore 
issuing his declaration, report ftdly to the Board as 
to the principles involved in its construction, and as 
to the exceptional dangers^ if any, which would, in 
the Surveyor's judgment, attend its use, such plans 
being appended to the report as may be necessary to 
make it intelligible. The estimated speed of the 
vessel in knots per hour, the number of revolutions 
of the propelling shaft, and the probable time which 
the machinery is capable of maintaining that speed ^ 
should be included in the report. 

The isaue of the statutory declarations for vessels 
propelled in any manner not contemplated by the 
Board's present printed regulations, should in all 
cases be withheld until the sanction of the Board of 
Trade has been obtained. 

Boilers and Superheaters. 

80. Surveyors are required by the Act to fix the ^''fl^l^rH 
limits of wei^^ht to be placed on the safety valves of Jaiy"^^*^ 
passenger steam ships and to determine whether the 
boiler and machinery are sufficient for the service 
intended and in good condition, 

81. The Surveyor should ^k the working pressure ,^e^i^t(j 
for boilers by a series of caleulations of the strength Jak-iiatioD, 
of the various parts, and according to the workman- 
ship and materiah The Board of Trade have 
arranged to receive, for examination by their Sur- 
veyors, plans and particulars of boilers before the 
commencement of manufacture, by these means 



U2 



hopincr to prevent r^uestions arising aftei' the boilers 
are finished and on board. This practice has been 
found to work well iii saving time to the Surveyors, 
and in preveDting expense, inconvenience, and delay 
to owners. The senior Eng'Ineer Siirveyors should 
therefore receive and report on any plans of boilers 
intended for passenger vessels that may be subniitted 
in due course with the Form Surveys 6. They are 
not to report on any tracing or plan that is not 
accompanied by that form. When the Surveyor 
has received plans and tracings of new boilers, or 
of alterations to boilers, and has approved of them, 
he willj of course, be careful in making his examina- 
tion from time to time to see that they are followed 
in construction. When he has not had the plana 
submitted, but is called in to survey a boiler, he will 
measure the parts, note the details of construction^ 
and. if necessary, bore the plates to ascertain their 
thickness, &c., before he gives his deelnration, And 
in the event of any novelty in construction, or of 
any departure from the practice of staying and 
strengthening noted in these Regulations, or of the 
boiler being made of steel, he should report full 
particulars to the Board of Trade before fixing the 
working pressure. 

The thickness of plates used in the construction of 
boilers should not be less than A in. 

The Surveyor cannot declare a boiler to be safe 
unless he is fully informed as to its construction, 
material, and workmanship. He should^ therefore, 
be very careful how he ventures to give a declara- 
tion for a boiler that he is not called in to survey 
until after it is completed, and fixed in the ship. 

Iron Boilers. 






82. In the case of new boilers the Surveyor ma-i 
allow a stress not exceeding 70001bs. per square inch 
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of net section on solid iron screwed stays supporting 
flat surfaces, but the stress should not exceed 5000 
lbs. "When the stays have been welded. 

A stress of 60001bs, may be allowed on the net 
section of iron stay tubes, providing that the net 
thickness is in no ease less than ^in. 

When the threads of longitudinal stays are finer 
than six per inch, the depth of the external nuts 
should be at least 1^ times the diameter of the stay. 

The areas of diagonal stays are found in the 
following way: — Find the area of a direct stay 
needed to support the surface, multiply this area by 
the len^h of the diagonal stay, and divide the pro- 
duet by the length of a line drawn at right angles 
to the surface 8upported to the end of the diagonal 
stay; the quotient will be the area of the diagonal 
stay required. 

"When gusset stays are used, their area should be 
in excess of that found in the above way. 

83. When the tops of combustion boxes or other 0^^^^^!^ 
parts of a boiler are supported by soHd girders of 
rectangular section, the following formula should be 
used for finding the working pressure to be allowed 
for the girders, assuming that they are not subjected 
to a greater temperature than the ordinary heat of 
steam, and in the case of combustion chambera that 
the ends are properly bedded to the edges of the 
tube plate and the back plate of the combustion 
box:— 

^^^r— p^^^=Working pressure, 

W =^ Width of combustion box in inches. 

P = Pitch of supporting bolts in inches. 

D ^Distance between the girders from centre to 

centre in inches. 
L = Length of girder in feet. 
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^ Depth of girder in inches. 

T ^Thickuess of girder in inches. 

N ^ Number of supporting' bolts. 

N V 1200 
C = — — — - — when the number of bolts is odd. 
N 4 1 

(N + 1) 120U 

^ — ^^^x when the number of bolts is 

IS^ + 2 

even. 
The working pressure for the supporting bolts 
and for the plate between them should be determined 
by the rules for ordinary stays and plates, 

gj"ioKri"^" S4. The pressure on plates forming flat surfaces 

is found by the following formula j— 

C X {T + 1)2 

r— — 2 ^^Working pressiire. 

D — D 

T = Thickness of the plate in sixteenths of 
inch. 
. B = Surface supported in square inches. 

C = Constant acicording to the following circum- 
stamees. 

C ^= 192 when the plates are not exposed to the im- 
pact of heat or flame, and the stays are 
fitted with nuts on both sides of the plates, 
and doubling strips not less in width than 
two-thirds the pitch of the stays and of the 
thickness of the plates, are securely riveted 
to the outside of the plates they cover. 

C^IGS when the plates are not exposed to the 
impact of heat or flame, and the stays are 
fitted with nuts on both sides of the plates, 
and with washers not less in diameter than 
two-thirds the pitch of the stays and of the 
same thickness as the plates, securely 
riveted to the outside of the plates they 
cover. 
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0^132 when the plates are not exposed to the 
impact of heat or iiaine, and the stays are 
fitted with ntits on both sides of the plates, 
and with washei*s outside the plates at 
least three times the diameter of the stay, 
and two-thirds the thickness of the plates 
they cover, 

C ^ 120 when the plates are not exposed to the 
impact of heat or flame and the stays are 
fitted with nuts on both sides of the plates. 

C ^= 90 when tube plates are not exposed to the 
direct impact of heat or flame, and the stays 
are fitted with nuts. 

C^TO when tube plates are not exposed to the 
direct impact of heat or flame and the stay 
tubes are screwed and expanded, 

C ^ 70 when the plates are not exposed to the 
impact of heat or flame, and the stays are 
screwed into the plates and riveted over. 

C^60 when the plates are exposed to the impact 
of heat or flame, with steam in contact 
with the plates, and the stays fitted with 
nuts and washers, the latter being at least 
three times the diameter of the stay, and 
two-thirds the thickness of the plates they 
cover. 

C = 54 when the plates are exposed to the impact 
of heat or flame, with steam in contact with 
the plates, and the stays fitted with nuts 
only. 

C = 80 when the plates are exposed to the impact 
of heat or flame, with water in contact with 
the plates, and the stays screwed into the 
plates and fitted with nuts. 

C = 60 when the plates are exposed to the impact 
of heat or flame, with water in contnct with 
the plates, and the stays screwed into the 
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plates, and having the endg riveted over to 
form substantial heads. 
C^36 when the plates are exposed to the impact 
of heat or flame, with steaiu m contact with 
the plates, with the stays screwed into the 
plates and having the ends rivited over to 
form substantial heads. 
When the plates are not exposed to the impact of 
heat or flame and doubling plates covering the whole 
of the flat surfaces are riveted to the plates, the 
working pressure may be found by the following 
formula : — 

C (T + l)2 + C tT,+ ir 
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=Working pressure, 
in sixteenths of an 



T ^= Thickness of the plate 

inch, 
Tj = Thickness of the doubling plate in sixteenths 

of an inch. 
S ^Surface supported in square inches. 
C ^ Constant applicable to the case as given 

above. 

When doubling plates do not cover the whole of 
the flat surfaces but are fitted between the rows of 
supporting stays the strength allowed for them 
should be two-thirds only of that which would be 
allowed for similar doubling plates extending 
beyond and embracing the supporting stays. 

In calculating the working pressure of the portion 
of tubes plates between the boxes of tubes, the value 
of S in the above formula should be found as 

follows : — 

D2 + (f2 



I 
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= S 



Where D ^ the horizontal pitch of the stay tubes 
in inches, 
and d =^ the vertical do. do. do. 
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The pitches should be measured from centre to 
centre of the stay tubes and no deduetiou should be 
made for any tubes in the contained surface* 

In the body of tube plates the value of S may be 
found in the ordinary way and the area of the tubes 
in the space bounded by the stay tubes may be de- 
ducted. 

In eases where plates are stiffened by T or L 
irons, and a greater pressure is required for the 
plates than m allowed by the use of the above con- 
stants, the case shoiild he submitted for the con- 
sideration of the Board of Trade. 

When a circular flat end is bolted or riveted to 
an outside ring or flange of a cylindrical shell, S in 
the formula may be taken as the area of the square 
inscribed in the circle passing through the centres 
of the bolts or rivets securing the end» provided the 
ring or flange is of sufSeient thickness. 

When the riveted ends of screwed stays are much 
worn, or when the uuts are burned, the constants 
should be reduced, but the Surveyor must act accord- 
ing to the circumstances that present themselves at 
the time of the survey, and it is expected that in 
cases where the riveted ends of screwed stays in 
the combustion boxes and furnaces are found in this 
state it will be often necessary to reduce the con- 
stant 60 to aboT.it 36, 

85. The Surveyors should not in any case a,llow OoranrewiTe 

*' ^ Btrcsa OB tub* 

a ^^reater compressive stress on the tube plates than p^"*"*- 
llOOOlbs., which is that used in the following 
formula : — 

(B — d)Tx 22000 

— — — ^ — ^=Working presBure. 

W X D. 

D = least horizontal distance between centres of 

tubes in inches. 
d ^= inside diameter of ordinary tubes in inches. 
T = thickness of tube plate in inches. 
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W^ width of combustion box in inehea 

the tube plate and back of fire boEx, 



Wnf-boMumwl 

ttttUi 



Cjllniltldiil 



dtHttince between the combustion box tt^ 
plate« when the boQer is donhle ^nded 
the box comnion to the furnaces at 
ends* 

Hfi. Rftvinfjf regard to many eases in which seriooa 
HcfmitR have binm discovered, the Surveyors sbOTild 
tnkf' i'tin^ that wet-bottomed and other boilers, the 
outJ^ido ot 111** Itottom of which cannot be seen, are 
Urtml f(ir iiiH|>rc'itori at least once in every four years. 
or (il'lrrn'r il" \\u> Surveyors consider it necessary. 
It will ofliMi lie found necessary long before this to 
redlHM* Ihr ()r*'HHun% unless the boilers are lifted 
from tlieir Koats to euHble the Surveyors to judge of 
thoir eflflt^iimoy, If the owners in any special case 
hnvv »\iy tfootl n^UHons for not wishing to lift them 
whi'ti llit^ Su]'vt\var requires it, the Surveyor should 
Aubinit the whole case in detail to the Board of 
Trndr for Hioir coUHideration, The Surveyor must 
reirolleet lliat hi? is not to certify as sufficient any 
boflor renpeotiiig which he cannot thoroughly satisfy 
hiiiiNnlf. 

The Survoy<ir should record in the hydraulic test 
book i\w dati'H on wliich boilers whicli have been 
lihrd iWK' iuHpt'i^ted, nnd whether the boilerg were 
oiil of tlu^ nhip when examined, and if out of the 
ship whtu'e they were examined. Boilers which have 
been Hfttnl Hhould in all cases be subjected to the 
hydraulic font liefore they are re-set. 

Hi, Tho Hoard of Trade consider that boilers well 
ronwtrurted, Well desijjned, and made of good 
nuilrrial should be allowed an advantag'e in the 
irmttor of woi'kiu^^ pressure over boilers inferior in 
any of the above respeeta, as unless this is done the 
superior boiler is placed at a disadvantage, and good 
workmanship and material will he discouraged. 
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They have therefore caused the following rules to be 
prepared : — 

When the cylindrical shells of boilers are made of 
the best material with all the rivet holes drilled in 
place and all the seams fitted >vith double butt 
straps each of at least five-eighths the thickness of 
■ the plates they cover, and all the seams at least 
double riveted with rivets having an allowanee of 
not more than 75 per cent, over the single shear, and 
provided that the boilers have been open to inspec- 

Ition during the whole period of conatnietion, then 5 
may be used as the factor of safety. The tensile 
stren^b of the iron ]s to be taken as equal to 47000 
lbs. per square inch with the grain and 40000Ibs. 

I across the grain. If, however, the iron be tested 
find the elongation measured in a length of 10 inches 
is not less than 14 per cent, with, and 8 per cent. 
across the grain, and the Surveyors are otherwise 
satisfied as to the quality of the plates and rivets, 
4 '5 may be used as the factor of safety instead of 5, 
in which case the minimum actual tensile strength of 
the plates should be used in calculating the working 
pressure. 

I When the above conditions are not complied with, 
the additions in the following scale shoidd be made 
Jo the factor of safety^ according to the circum- 
stances of each case: — 



At 

Bt 
C 
» 
E* 
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To be added whe^i all the holes are fair and 

good in the longitudinal eeatiis, but 

ariiled out of ]ilace wfter benrtitig. 
To be added wheD all the holes are fair and 

good m the longitudlDal Beaiiis, but 

drilled before bending. 
To be added when all the holes are fair and 

good in the longitudiDal seama, but 

panehed after beudiog. 
To be added when all the holes art* fair and 

good in the longitudinal seams, but 

punched before ben<iing. 
To be added when all the bole? are not fair 

nod good in the lougitudinal 
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F 

Gt 

H 

If 

J* 

K 

L 
M 
N 
O 
P 

Q 
B 

St 
T 

tJ 



IB 

16 

'2 

■2 
•2 

-1 
'3 

■15 
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To Iji^ ndded if the holes are all fair and 
goofl in the eireuinferential seams, but 
drilled out of place after bending. 
To be a^ded if the holes are fair and goo3 
ill Mit* circumftTentiaJ seams, but 
pUDclied before bending. 
To be &d<k:d if the holes are fair and good 
in the circumferential eeamSj 'bwt 
punched after bending. 
To be adcied if the boles are fair and good 
in the circuniferential seamH, but 
punehod before bending;. 
To be added if the hnk-s are not fair nud 

good in the cireumfei'ential seams. 
To be add^d if double butt atnips art? not 

fitted to the longitudinal eeams, 

aUid the said Beams {ire lap and double 

riveted. 
To be added if double butt straps are not 

fitted to the longitiadinal seamS;, and the 

said Beams are Jap and treble ri^^eted. 
To be added if onlj single butt straps are 

fitted to the loD^tudinal MianiBjr and the 

Baid seams are double riveted. 
To be added if only single butt straps ate 

fitted to the longitudinal aeams^ and the 

Baid seams are treble riveted. 
To be added when any deaopiption. of joint 

in the longitudinal seams is single 

riveted. 
To be added if the eircnmferential seams 

are fitted with single butt straps and 

are double riveted. 
To be added if the circumferential seam* 

are fitted with single butt straps and 

are single riveted. 
To be added if the circumferential seams 

are fitted with double butt straps unA 

are single riveted. 
To be added if the circumferential seamfl 

ate lap and are double riveted. 
To be added if the eireuinferential seami 

are lap and are single riveted. 
To be added when the circumferential seams 

are lap and the strakes of plates ars 

not entirely under or over. 
To be added T:\hen the boiler is of Buch a 

length as to fire from both ends, or is 

of unusual leiijjth, as in the case of flue 

boilers and the circumferential seams 

fitted as described opposite P, R, and 

S, bnt. when the cireximferential seams 

are as described opposite Q and T, V:4 

sihould be added. 
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F 


•4 


To be added if the longitQdinal seams are 
not properly erossed. 


X* 


•4 


To be added when the itou is in any way 
doiibtful, and the Siiryeyur h not Batis- 
fied that it is of the best quality. 


Ytt 


1-6B 


To be added if the boiler is not open to in- 
HpectioE during the whole period of its 


1 




conBtrnctioB. 



When marked * the factor may be increased still further it 
,the workmanship or material is aueh as in the Surveyor's 
Judgment renders such increase neceBsary, 

f When the hoka are to be rLmered or bored out in place 
the ease should be submitted to the Board aa to the reduction 

• or omission of A^ B, G, and I^ a.B heretofore. 
J When the middle circumferential Beame are double 
strapped and double Hveited or lap aud treble riveted, and the 
calculated strength not lees than 65 per cent, of the solid plate 
B '1 and V "^ may be omitted- The end circuinfeieutl&l 
seams in such eases shoukl be at least double riveted. 

ttWheo surveying boilers that have not been open to in- 
■peetion during conBtruption, the ca&e should be submitted to 
^_ the Board aa to the factors to be used. 

^» The strengtli of ordinary joints is found by the 
following method; — 

I(Pitch' — Diameter of rivet) x 100 



=^ Percentage of 
Pitch. 

"strength of plate at joint as compared with the solid 
plate.** 

Area of rivet x No. of rows of rivets) x 100 



= Per- 



I 



Pitch X thickness of plate. 

centagfe of strength of rivets aa compared with the 
Golid plate.g 

Taking iron as equal to 47000Ibs.* per square inch 
and using the smaller of the two per-eentages as the 



I **FoT the maximum pitch of rivets »€€ Appendix A, page 307, 

§ If the rivets are exposed to double shear, multiply the per- 
centage as found bj 1'7&. 

*Or the minini'um tensile strength if it has been tested. 
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Rt rating. 



Ruftt itmp*, 



strength of the joint and adopting the factor of 
safety as found from the preeeding scale then ;^ 

47tOCM>* X le««t % $treugth of joint X S X plate thickneBB in ins, 
ln&id(» dia, of boiler in ins. X factor of safety X 100 

C Pressure to be allowed per square inch on the 
j safety valves. (See the formulEe ss given in 
^ detail in Appendix A,) 

In the case of ordinary zig-zag riveting tUfi 
strength through the plate diagonally between the 
rivets is equal to that horizontally between tlie 
rivets, when diag-onal pitch ^^ ij horizontal pitch + 
YG diameter of rivet. 

Plates that are drilled in place should be taken 
apart and the burr taken off, and the holes slightly 
countersunk from the outside. 

Butt straps should be cut from plates and not 
i>om bars, and should be of as good a quality as the 
shell'plates, and those for the longitudinal seams 
should be cut across the fibre. When the straps are 
drilled in place they should be taken apart, the burr 
taken off, and the holes slightly countersunk from 
the outside. 

When single butt straps are used, they should be 
one-eighth thicker than the plates they cover. 

The diameter of the rivets should in no ease be less ■' 
than the thickness of the plates of which the shell ^ 
is made, but it will be found when the plates are j 
thin, or when lap-joints or single butt straps are [ 
adopted^ that the diameter of the rivets should be in ■' 
excess of the thickness of the plates. P 

Formulae for the riveted joints and maximum 
pitches of rivets and also diagrams of different des- - 
criptions of riveted joints will be found in Appendix i 

A I 
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Dished ends, unless of the thickness required for a ^t'pc/rada. 
flat end, should be stayed; but when they are equal 
to the pressure Deeded, when considered as portions 
of spheres, the stays, when solid, may have a stress 
of 140001bs, per square inch of net section, but the 
stress should not exceed lOOOOlbs, when the stays 
have been welded, and such stays should be properly 
distributed. If dished ends are not equal to the 
pressure needed when considered as portions of 
spheres they should be stayed as fiat surfaces. 

Hemispherical ends subjected to internal pressure ^^'^^^^SJo^^?il< 
may be allowed double the pressure that is suitable a^^i.""** 
for a cylinder of the same diameter and thickness. 
The ends should be formed of not less than four 
pieces. 

CompenBating rings of at least the same effective 
sectional area as the plate cut out, should be fitted 
roiind all manholes and openings, and in no case 
should the rings be less in thickness than the plates 
to which they are attached. The openings in the 
shells of cylindrical boilers should have their shorter 
axes placed longitudinally. It is very desirable that 
the compensating rings round openings in flat sur- 
faces should be made of L or T ^ron. Cast-iron 
doors should not be passed, 

The neutral part of the boiler shells imder steam 
domes should be efficiently stiffened and stayed, as 
serious accidents have arisen from the want of such 
preeautions. 

The boilers should be tested by hydraulic pressure ^^'*^^'= 
'to twice the working pressure in the presence, and 
to the satisfaction, of the Board's Surveyors, {See 
Clause 115.) 
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88. Circular fiirnaces with the longitudinal joints 
welded or made with single butt straps double 
riveted^ or double butt straps single riveted:— 

90000 X the sq. of the thickness of the plate in inches 

(Length in feet -f- 1) x diameter in inches, 

^ working pressure per square inch, provided it 
does not exeeed that found by the following 
f ormiilfe : — 

9000 X thickness in inches ') Working' pressure 
diameter in inches. ~ i P^^ square inch. 

The second formula limits the crushing stress on 
the material to 45001hs. per aqiia.re inch. 

The length to be measiired between the tings if 
the furnace is made with rings. 

If the longitudinal joints instead of being butted 
are lap-jointed in the ordinary way and double 
riveted, then 75000 should be used instead of 9O000, 
hut where the lap is bevelled and so made as to give 
the flues the form of a true circle, then 8O0O0 may 
be used. 

When the material or the workmouship is not of 
the best quality, the constants given above should 
be redueedj that is to say, the 90000 may become 
80000; the 80000 may become 70000; the 700OO may 
become 60000; when the material and the workman- 
ship are not of the best quality, such constants may 
require to be further reduced, according to eircum- 
stances and the judgment of the Surveyor. Some of 
the conditions of best workmanship are that the 
rivet holes shall he drilled after the bending is done 
and when the plates are in plaee, and the plates 
afterwards taken apart, the burr on the holes taken 
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off, and the holes slightly eountersunk frora ths 
outside.* 

' 89. The strength of the joints of cylindrical super- i;'^?^Ji^U. 
heaters and the factor of safety are found in a 
aiinilar manner as for cylindrical boilers and steam 
receivers, but instead of using 470O01bs. as the tensile 
strength of iron 300001bs. is adopted, unless where 
the heat or flame impinges at, or nearly at, right 
angles to the plate, then 224001hs. is substituted. 

When a superheater is conatnicted with a tube 
subject to external pressure the working pressure 
ehould be ascertained by the rules given for circular 
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SHunaees with 

butt JaintB 

and drilled 

rivet hole*. 



Furnaces with 
butt joints 
and punched 
rivet holes. 



•The follawiog exampleB serve to flhow the application of the 
constants for the different cases that niaj arise: 

90000 wiiere tlie longitudinal 8t*ania are 

weld&d. 
90000 where thp lonf^itudinal seams are double 

riveted and fitted with Binglci butt straps. 
SOOOO where the longitndinal sBama are sxngle 

riveted and fitt*?d with aingle butt straps, 
flOOOO where the longitudinal seams are single 
^ riveted and fitted with double butt atrapa. 
f 85000 where the hjnufitudinal seams are double 
1 riveted and fitted ivith Bingle butt strapa. 
75000 where the longitudinal senms are single 

riveted and fitted T^ith Bingle butt strapa. 
S5000 where the longitu{!inaI seams are single 
riveted and fitted ^'Ith double butt etrapa, 
" 80000 where the longitudinal SiSams are donble 
ri^^eted and bevelled. 
75000 where the longitudinal aeama are double 
H lappea jointB riveted and not bevelled, 

H and driUod ^ 70000 where the longitudinal seams are iingle 
^M rivet holes. riveted and bevelled, 

^M (15000 wberp? tlie longitudinal seams are single 

^L L riveted and not bevelled. 

^H r 75000 where the longitudinal seania are double 

^F riveted and bevelled, 

70000 where the longitudinal seams are doable 

riveted and not bevelled. 
65000 where the longitudinal seame are single 
riveted and bevelled. 
I GOOOO where thp longitudinal seams ftre single 
L_ riveted and not he^*elled. 

In the ease of upright fireboHres of donkey or similar boilers, 
10 per cent, should be deducted from the constant given above, 
applicable to the lespective claa&es of work» 



Furnaces with 
lapped joints 

and drilled 
rivet holes. 



ParnaeeB with 

lapped joints 

and punched 

rivet holes. 
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For flup^r- 
ti«ateni. 



fumaceB, but the eonstauts should be reduced as 30 
to 47. 

In all eases the internal steam, pipes should be so 
fitted that the steam in flowing to them will pass 
over all the plates which have steam in contact with 
them^ and are exposed to the impact of heat or 
flame. 

Superheaters should^ as regards survey, be deemed 
to be the most important parts of the boilers, and 
mxist be inspected inside and outsider, those that ean- 
Dot be entered on account of their si^e and arrange- 
ment must have a sufficient number of doors through 
which a thorough inspection of the whole of the 
interior can be made. 

Special attention should be paid to the survey of 
superheaters, as with high pressures the plates may 
become dang'erously weak, and not give any sound 
to indicate their state when tested with a hammer; 
the plates should therefore be oceasionally drilled. 

Before eommenein^r the survey, it is prudent to 
question the Engineer Officers as to the tendency of 
the boilers to flame; if flaming is a frequent occur- 
rence, extra care must be taken in the survey, and 
in fixing the pressure to he allowed, as the tensile 
Sitren^h of the plate, when heated, is often reduced 
to a few tons per square inch. Drain pipes must 
in all eases be fitted to superheaters in which a 
eoUeetion of water in the bottom is possible. 

Superheaters that can be shut off from the main 
boilers should he fitted with a parliamentary safety- 
valve of sufficient size, but the least size passed with- 
out special written authority should be three iucheo 
diameter. 

The flat ends, &c,, of all boilers, as far as the steam 
space extends^ and the ends of superheaters, shotdd 
be fitted with shield, or baffle plates, where exposed 
to the hot gases in the uptake. 
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H 90. As the tiptakes of haystack boilere and others ^Ife^''*^ 

^Bof similar type are especially liable to injury from . 

^■oyerheating unless careful precautious are taken ^H 

~Tvhile steam is beiug raised, the Surveyor should in ^H 

I all eases endeavour to persuade makers and owners ^H 

B of such boilers to make the strength of the uptakes ^H 

^ considerably in excess of that required for ordinary ^^ 

I superheaters subject to external pressure. i 

^p The employment of Bowling rings is beneficial by ^H 

' adding to the strength as well as allowing for ex- ^H 

^ pansion, but if there is a difficulty in getting these ^H 

H fitted, hoops riveted to the uptake, although not so ^H 

desirable as Bowling- rings, may be employed to in- ^H 

erease the resistance of the tubes against collapse. ^H 

The use of Bowling rings with a moderate thickness ^H 

of plate is better than very thick plating. This ap- ^H 

plies to the uptakes of all boilers of this type, in- ^H 

eluding ordinaiy vertical donkey boilers. When ^H 

(-flaming coal is used extra care is required and extra ^H 

strength absolutely necessary. ^ 

91. Evaporators, generators^ feed make-ups^ &e., ^S^™!"^ 
where the evaporation of water under pressure is an ^^dmaite-^iiui, 
essential feature, should be regarded as steam 
boilerSj whether the evaporation is effected by heat 
■ from coal gas, from steam, or from any other source, 
and the strength, quality of material, and method of 

• construction of such apparatus, should be in accord- 
:fince with the regulations for steam boilers, and they 
should be examined by the Surveyor on each 
occasion the vessel is surveyed for passenger certifi- 
cate in the same manner as other boilers on board 
the vessel, 

The mountings, &e,j should hs a general rule be 
similar to those required in the case of boilers on 
board passenger vessels. 

When a reducing nozzle is fitted in the steam 
supply pipe the contracted orifice should not in 
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ordinary cases exceed that foimd by the followinif, 

formula:^— 

A X p 

-z — r:^= area of orifice. 
6 X P 

A ^= combined area of safety valves fitted to the, 

evaporator. i 

p =: absolute pressure at which the evaporator is 

worked. 

P^ absolute pressure of entering steam. 

The particulars of evaporators, their safety valves, 

&c., should be recorded on the declaration in the 

same manner as is done in the case of other auxiliary 

boilers. 

Steel Boilers. 

92. The following should ^uide the Board's Sur- 
veyors whep the g'eneral quality of the steel has been 
found suitable for marine boilers. 

The steel makers or boiler makers should test one 
or more strips or pieces cut from each plate for ten- 
sOe strength and elongation, and stamp both results 
on each plate. When practicable the plates should 
be so stamped that the marks can be easily seen 
when the boiler is constructed. 

^a^S'" platen. ^^' '^^^ Surveyor is not obliged to witness the 
foregoing tests, although it is very desirable that he 
should when his other duties will allow him to do 
so, but he should see that all the plates are properly 
marked. He should, however^ select of each thick- 
ness at least one in four of Ihe platea to be used in 
the construction of the boiler and witness the test- 
ing by pulling and bending of at least one strip or 
piece cut from each selected plate, but when boiler 
plates exceed 15 feet in length, there should be a 
tensile test from each end and one bend test, and 
when they exceed 20 feet in length and at the same 
time exceed 6 feet in breadth, or exceed 2^ tons ii 
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ht, there should be a tensile test from each 
corner, and a bend test tnym each end. In the latter 
eases the testing of each plate shoiild be witnessed 
by the Surveyor, The mean of the results of the 
tests, if the latter fall within the Board *s require- 
ment, as stated below, should be stamped on the 
plates. If a large number of failures take place in 
the 25 per cent, selected, the Surveyor should select 
and see tested, an additional number of plates^ the 
number of additional tests b&ing proportional to the 
number of failures. If for the plates from which ^"^{Jf^ ^^^^^ 
the Surveyor selects the above proportion, a greater 
stress is wished than is allowed for iron, tests for 
tensile strength and elongation should be made^ also 
a few tempering and bending tests, and those for 
which no reduction of thickness is asked may be 
tested for resistance to bending and tempering only, 
if preferred. In the latter case the tensile strength 
and elongation stamped on each plate should be re* 
ported by the Surveyor to the Board of Trade, 
together with the results of the bending- and temper- 
ing tests. Prora the plates, the tests of which have 
been made by the steel maker, and not witnessed by 
the Surveyor, the Surveyor may, if he thinks it ad- 
visable, select any plates after they are in the boiler 
yard and require specimens to be cut off and tested. 
If the results are not satisfactory the whole of the 
plates, except those which were tested and found 
satisfactory by the Surveyor, may be liable to be 
rejected, 

\ 94. The breadth of test strips for tensQe stress '^^^ *^'*p'- 
should be, where practicable, 2 inches, and the elon- 
gation taken in a length of 10 inches, should be 
about 25 per cent., and not less than 18 per cent, 
when the strips are tested in the normal condition, 
in which condition the Board prefers the tests to be 
made; but if the plates are annealed, that is, heated 
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to a red lie«t in a ft^ir furnace, and ii&mediatelf 
they are at thai heat taken out and placed on thft 
mill floor to cool, the elongation should not be less 
than 20 per cent.. The lest pieces most not be 
annenled after tht'y are cat off the plates. When the 
plates are not taken out of the famaee iimnediatel/ 
they are red hot, or if allowed to cool down in the 
furnace, or rfre c<>rered witli ash^ or other uon- 
conducting mbstanet, H shotild 1>e reported to tbe 
Board for their eottsidermtion and deei^on. The 
Surveyor should report to the Board whether tbft 
p]»tes were annealed, or in the normal coDditioa 
when the test pieeea wene cut off. The test strrp« 
must be cRrefiilly prepared and measured, wid, 
where practicable, they should be cut from the plaid 
by a pknin^ or sbapinsr machine 

The Surveyor should see that the plates for thi 
manhole doors and for the eompensating lingl 
around the opening for the dooi3 ar« tested in tb( 
usual manner. 

95, The bending tests for plates m^ exposed ti 
dame should generally be made "wHh 
!^nie condition ns the plates* but 
tempering te^t^ should be made. Stxips est 
furnaces, comhostion boxes, &c^ and 
which will be worked in the fire, 
to a cherry red, then plunged into 
80"" and kept there iiutil of the 
the water, and then bent. The 
infc ^ripfi should be about 2 h 
inehea lonior. and they should he bcaft vm 
break, or until the ddes are pat«Del «t a 
from each other of not more than thvw 3 tistf 
the thickuesa of the plates, 

96, When full allowance over 
tensile strength of the plates m 
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ihoiild be not less than 27 tons, and should not 
sxceed 32 tons per square inch of section, and 27 
tons should be the stress used in the ealcuIatioEs for 
^lindrieal shells if the plates comply with all the 
conditions as stated herein, but for each ton the 
.mimum tensile strength of the plate is above 27 
jons, 1 ton may be added to the 27 used in the eal- 
ilations. provided the Siirveyor witnesses the test- 
ig of all the plates. The tensile stren^h of 
irnaee, fl.anging, and combustion box piatea, may 
mge from 26 to 30 tons per square inch. 

97. The following proportion of stay and rivet ^^%%^j^^ 
tars should be tested in the Surveyor's presence for '^°^ ^"* '**^' 
;ensile strength and elongation, viz. ; one bar in 20 
^hen the diameter of the bar does not exceed 1 
ich; one bar in 12 when not over IJ inches; and 
me bar in 8 when the diameter exceeds 1^ inches, 
'hen the number of bars of any one size in the 
►rder exceeds the number for which the Surveyor is 
■equired to make one test, but is less than double 
that number, he should make two tests from bars of 
[that si^e. 

The tensile strength of stay bars should be from J^^n^ti, ^f 
!7 to 32 tons per square inch, with an elongation of ^^^^' **^- 
ibout 25 per cent, and not less than 20 per cent, in 
length of 10 inches. Solid steel screwed stays 
lay be allowed a working stress of 90001bs, per 
iquare inch of net section, provided the tensile 
rtrength and elongation are as stated. Steel stays 
''hich have been welded should not be passed, 
This does not apply to stay tubes which are 
-elded longitudinally.) 

Solid steel stays for supporting dished ends, which ((J^aighJ?" 
ire found to be equal to the pressure needed when ^"*^' 
lonsidered as portions of spheres may have a 
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not less than fV inch thick, may be allowed the work- 

m^ pressure found by the following formula: — 

C X T * 

— — — ^ working pressure. 

C = *14000. 

T^ thickness in inches, measured at the bottom 
of the corrugation or camber. 

D = outside diameter in inches, measured at the 
bottom of the corrugations or cambers wheu 
the furnace is of the corrugated or 
cambered type, or over the plain parts, 
when it is of the ribbed and grooved des- 
cription. 

In the Pox furnace the pitch of the corrugations 
should not exceed 6 inches, and in the Morison fur- 
nace and the Deighton furnace the pitch should not 
exceed 8 inches. In these descriptions of fumaees 
the depth from top of eorrug'ations outside to bottom 
of corrugations inside should not be less than 2 inches 

The ribs of ribbed and grooved furnaces should 
not be less than l^w inches above the plain parisj 
the depths of the grooves not more than ^ inch, and 
the length between the centres of the ribs not over 
9 inches. In Brown's cambered furnace the thick- 
ness of metal at the centre of the ribs shoxild be at 
least fV inch greater than the thickness at the 
bottom of the camber^ the tops of the ribs should be 
curved to a radius of 1| inches and the grooves 
beneath the ribs to a radius of ^J inch, the height of 
the ribs above the bottom of the camber should not 
be less than If inches and the pitch of the ribs 
should not be more than 9 inches. 



*This eonetant only applies to furnaces of the type named 
when made by the firms given iu the preceding part of this 
paragraph. Tlie Siirveyora ahould continue to report foil 
partieulam of any ease !n ts^hicU the owners or builders of a 
pass^nj^er steajner propose to use furEae&s of set of these 
typea if made by other raakere* 
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Machine made furnaces of the bulb type manufac- 
tured by the Leeds Forge Company may be allowed 
the working pressure found by the following 
formula, provided they are practically true circles, 
that the pitch of the bulbs does not exceed 8 inches, 
that the depth from the top of the bulbs to the plain 
parts at the centre of the pitch is Bot less than 24 
inches, that the plates are not less than A inch 
thick and the plain parts between the bulbs are 
fairly uniform in thickness: — 

15000 X T 

— ^^working pressure, 

T = thickness of the plain parts between the 
bulbs in inches. 

D =^ outside diameter at the middle of the plain 
parts between the bulbs in inches. 

In each of these descriptions of furnnce the plain 
parts at the back ends shovUd be so made that the 
length, measured from the waterside of the back 
lube plate to the centre of the back end corrugation 
or rib^ does not exceed 9 inches. The plain parts 
at the front ends should also be so made that the 
length of the fiat, measured from the centre of the 
rivets by which the furnace is secured to the front 
end plate» does not exceed 9 inches. When the plain 
parts at the back ends are made conical, and the 
flange by which the attachment is made to the back 
tube plate is continuous, a length of lOJ inches may 
be allowed between the waterside of the back tube 
plate and the centre of the first corrugation or rib. 
When this method of construction is adopted, the 
vertical section through the ueek-piece should be 
kept as circular as is practicable, the set up at the 
bottom should not exceed 8 inches measured over the 
plates, and in no ease should the vertical axis exceed 
the horizontal one by more than 14i per cent. The 
plates at the ends should not be unduly thinned in 
the flanging. 
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If the furuneo is riveted in two or more lengths 
the case should be submitted for consideration. 

101. When horizontal furnaces of ordinary 

diameter are constructed of a series of rings welded 

lonjritudinally, nnd the ends of each ring flanged 

and the rinjrs riveted together, and so forming the 

furnace, the working pressure b found by the follow- 

in(i formula, provided the length in inches between 

the centres of the flani^es of the rings is not greater 

than (120 T — 12), and the flanging is performed at 

one heflt by a snitiible flani^'ing machine, and abo the 

conditions which follow the formula are complied 

with ; — 

9900 X T/ ; + 12v 

—15— I =working pressure. 

T = thickness of plate in inches, 

I ^length betwei^n centre of flanges in inches. 

D = outride diameter of furnace in inches. 

The rndii of the flanges on the fire side should be 
about H inches. The depth of the flanges from the 
Are side should be three times the diameter of the 
rivet plus IJ inches, ttnd the thickness of the flanges 
should be as near the thickness of the body of the 
plate ftB practicable. The distance from the edge 
of the rivet boles to the edge of the flange should 
not be iess than the diameter of the rivet, and the 
diameter of the rivets at least 5 inch greater than 
the thickness of the plate. The depth of the ring 
between the flanges should not be less than three 
times the diameter of the rivets, the fire edge of the 
rings should be at about the termination of the 
curve of flange, and the thickness not less than half 
the thickness of the furnace plate. It is very 
desirable that these rings should be turned. 

The holes in the flanges and rings should be drilled 
in place if practicable, but if not drilled in place 
they should be drilled smaller than the size required. 
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and afterwards when in place rimered out until the 
holes are quite fair, the holes should be slightly- 
tapered and the heads of the rivets of moderate size. 

After all the welding^ flangingj and heating is com- 
pleted each ring should be efficiently annealed in one 
operation. 

When the flanges of the back ends of the furnaces 
are not continuous^ and the lower parts of the back 
rings are supported by substantial T-^ars securely 
riveted to the plates, the constant use for these rings 
should not eseeed ^ths of that given in the formula. 

102. A greater compressive stress should not be 

allowed on tube plates than 140001bR., which is that 

used in the following formula: — 

(D — d) T X 28000 

~ ^-: :^:workmg pressure 

W X D 

D ^ least horizontal distance between centres of 

tubes in inches. 
d = inside diameter of ordinary tubes in inches, 
T ^thickness of tube plate in inches. 
W ^= width of combustion box in inches between 
the tube plate and back of fire box, or dis- 
tance between the combustion box tube 
^^^r plates when the boiler is double-ended and 

^^^P the box common to the furnaces at both 

m ends. 

& 103. When the minimum tensile strength of the 
we^ell plates is B tons and full allowance is wished the 

■ rivet section » if iron, in the longitudinal seams of 

■ cylindrical shells should, when those steams are 
lapped, be at least ^.3- times the net plate section, and 
if steel rivets are used their section should be at least 
■j^ of the net section of the plate if the tensile 
strength of the rivets is not less than 27 tons and not 
more than 32 tons per square inch. In calculating 
the working pressure, the percentage strength of the 
rivets may be found in the usual way by the Board's 
rules, but in dealing with iron rivets the percentages 
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rm\u\rtsd. If the percenU^ streofth of tibe 

in foiinri hy rnlniilritton to be len thui tbe 
pr<r4-f>irl.fiK^! Mln^iiKUj of the pUte^ the 
fir('NNiin< MhoiiJd bo (calculated by both 
Whi'ir un'iun (fiM ju^ru^Titat^e Ktreogth of the 
pi MM llin riiJdiliitriM Hijitable f^r the meHhoi 
Mlnifiidn HH fjy t.h<^ Jloard^s rulai for iroQ boflaE&, 
rriny Im* nncd im the numinal factor of aa£e^, h«t 
whini iiMJiij;; Uio [u^rcentage HtreDgth of the rivelB 
45 Jiiiiy 1)c( UNnd nn the factor of safety. The lem of 
llii« Iwii |ir'4VHNiiri'H K<r fr>i)nd is the working preamre 
l.n ]m« nJtnwiHi ffir tli(^ t>.yliudrical portion of the ^elL 
(Hr*(* rtlHa th(* fonnnhr^ in Appendix A.) 
iTti ■"JlifA, ^'^**' ''"•*"' li**"(iiijr of thfi p]at<^ft shoald be avoided^ 
^ UN JMHtiy |flnl,i«H havu failed from having been fio 

4nMiiMi« All jiirili^N tlmt hdvw lioen punched, flanged, or 

lonally lifi»Li(Hl, hImo all stays and stay tubes which 
hh VI* hiMMi ((u^nlly heated should be carefully an- 
Jitinb'«f jil'irr lioirii; N(i troHted, 
tui( *»<' Slo(>l jitnlnN wliit'h havti been welded should not 
bf jiaNHrti if nulgeut to a tensile stress, and those 
w*Oil**fl aiul Hubject to a compressive stress should 
l)ii nllU'u'Ully luint'ahMi, 

HlD'l tiiln^N made by the Mannesmann process 
iH'ed !iot b(* objotited to for use in boilers, provided 

lb nU'rijii mid the tests comply in all respects 

nilb Iho Uii/int'N usual retiiiirementa. 

Ill othiM- rrsiH'cta the boilers should comply with. 
tho rulvH for invn hinlers. 

ir Hir irsts urv to l>e mnde at the steel works the 
boiler niaJcers should inform the Surveyors in their 
diNtnet wluni ntu! whore they will be made^ so that 
a Survoyor from the nearest district to the steel 
works may be instructed to attend to them. The 
Surveyors should have due notice — two or three 
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days — ^when the plates^ &c,, will be ready for the test 
pieces to be cut from them. As soon as possible 
after tests are made, the results should be submitted 
for the Board ^s consideration, (Surveyors should 
report all cases of failures of steel plates, &c., which 
may come to their knowledge.) 

105. If steel is proposed to be used for the heat- Ba^iuwftei 
ing surfaces in superheaters the particulars should ^^' 
be submitted to the Board of Trade for considera- 
tion, but in all cases it should be discouraged for 
this purpose. This applies to the unshielded up- 
takes of all boilers inchiding ordinary vertical 
donkey boilers. 

106. When the steel is not to be made by any of f^^y'^^ °' 
the following makers the case will receive the special 
consideration of the Board, and this should be 
specially noted by the Surveyors, 

Messrs. W. Beardmore & Co. 
J. Brown & Co. 
Cammel, Laird & Co. 
The Clydebridge Steel Co. 
D. Colville and Sons. 
The Consett Iron Co., Ltd, 
The Glasgow Iron and Steel 

Co., Ltd. 
Guest, Keen and Nettlefolda, 

Ltd. 
The Leeds Forge Co. 
Palmer's Shipbuilding and 

Iron Co., Ltd. 
The South Durham Steel and 

Iron Co.j Ltd. 
John Spencer and Sons. Ltd. 
The Steel Co. of Scotland. 
The Weardale Steel, Coal and 

Coke Co., Ltd. 
Stewarts and Lloyds, Ltd. 



For plates, 

^angles, stay 

and 

rivet bars. 
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Bolter 



Ac. 



Messrs. J. Diinlop and Co, . , 
„ Baldwins, Ltd. 
„ The Lanarkshire Steel 
Ltd. 



Ca. 



Dorman, Long & Co.. Ltd. 
The Wigan Coal and Iron 
Co,. Ltd. 



For plates. 

For stay 

and 

rivet bars. 

For stay 
and rivet 
bars, angles 
and Eats. 



107. Difficulty has been experienced with regard 
to the sun^ey of steel boilers owing to the fact that 
some makers were not aware, at the time the con- 
struction of the boilers was commenced, that a 
Board of Trade certificate would be necessary, and 
the makers have therefore omitted to submit tracings 
until the boilers have been nearly completed. 
Tracings of boilers may therefore be received for 
esamination upon payment of the usual fee, and the 
Surveyors may proceed as far as witnessing the 
hydraulic test and making the subsequent internal 
examination before any further instalment of the 
survey fee is paid. Engineers and boiler makers 
should be advised of this arrangement, and should he 
informed that the fee for the survey of one boiler 
is £2, and for each additional boiler made to the 
same desi^ and for the same vessel a further fee 
o££l. 

Boilers. — General, 






108. Donkey boilers that are in any way attached 
to or connected with the main boilerSj or with the 
machinery used for propelling the vessel, should be 
surveyed and have their working pressure fixed in 
the same way as the main boilers, and have a water 
and steam gauge, and all other fittings complete, 
and, OS regards safety-valves, should comply with 
the same regulations as the main boilers. 
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109. The boilers of steam launches forming part ^u^. 
of the statutory boat capacity of passenger steamers 
should as regards construction, strength, material, 
safety-valves, and other fittings comply with the 
same regulations as the main boilers, 

110. No boiler or steam chamber should be so eon- 
strueted, fitted, or arranged that the escape of steara 
from it through the safety-valvea required by the 
Act of Parliament can be wholly^ or partially, inter- 
cepted by the action of another valve. 

A stop-valve should always be fitted between the 
boiler and the steam pipe, and, where two or more 
boilers are connected with a steam receiver or 
superheater^ between each boiler and the super- 
heater or steam receiver. The necks of stop-valves 
should be as short as practicable, 

111. Each boiler should be fitted with a glass St^^iSV 
water-gauge, at least three test cocks, and a steam ir""^"*™" 
gauge. Boilers that are fired from both ends, and 
those of unusual width, should have a glass water- 
gaug^e and three test cocks at each end or side, as 
the ease may be. An additional glass water-gauge ■ 
may, however, be substituted for three test eoeks. 
When a steamer has more than one boiler each 
boiler should be treated as a separate one, and have 
all the requisite fittings. 

When the water-gauge cocks are not attached 
directly to the shell of the boiler, but to a stand pipe 
or column, cocks should as a general rule be fitted 
between the boiler and the stand pipes. &e,, and may 
be placed either on the boiler or at the stand pipe. 
Such cocks need not, however, be insisted on in 
cases where the columns, stand pipes, &c., are of 
moderate length and of suitable strength, provided 
that the diameter of the bore at any part is not 
less than 3 inches. Valves should not be passed 
between the boiler and the stand pipe. 
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ir \\w voUinin, Ktand pipe«, 4e^ 
fJirirrufUTr than 3 iuehefi^ and the pTpes 
th<» hoiU'i' without th<? interrention of 
nrnirn^firmuit ikuhJ not be objeeted to, if 
HhtMrn^Uivy, providing there ii no dl&ttlS^ ii 
hi If th» fifiNHii^fi at the ends clear, and 
ilmi Ihr-y firo mo, T<» do this it mil be 
ihni tht' piiNHJi^H in the part of the eolonQi betweem 
\\w top nrid [jottom ga-uge-glaoi coeks be cut off or 
rl(f>*f'd. which u\ny be done permanently, or by tbc 
iittrrjHfNilinii iif a fack hi that part. The latter k a 
(jonv^iiif'Tit uikI doNirablf* arrangement even when 
wmUh art* i\tUu\ on the boiler. 

Id I Ju' ciini' of lii^h preKjiiure boilers, it is de^rable 
ihni thii rtH'lcH in 'connet^tion with the water-gan^es 

hboiiM Ih< (iitcd with handles which can be ex- 
pcdiliiniKly nimiiinibited I'rom a conveDient position. 

It In ilwuimhlc in nil ciiseB that teat eocks should be 
fltlMtl ilirfrtly to thft skin of the boiler, and when the 
WHti'i't^HUKf^ \h (ittac'hed to a cohinm, the opening 
IlirtMiL^fi whit'h iH stopped or can be cut off^ the 
tf*n1 i'iii'l(M uittst bi' fitti^d direetly to the skin of the 

lllijlivl* 

'I'lit^ Sitj'vi'yoPH Nlioiikl satisfy themselves by actual 
oXAiiibiiitinti vvhi'tlicr ibt* glass water*gaugea of the 
btiilrt'N itf Mil' vr.sM<'lK thuy Hiii^vey are clear, and also 
wJH'thvr ihvy ari^ fitted with automatic valves or 
fttiiiiKH^ iiH the L«xi»itcnce of such fittings cannot 
always be aKriM'taitiHl by t^xternal examination. In 
all oaaen whf*rc niituniatie gauges are fitted, full 
pnrticuhira tht^roof should be submitted for con- 
Nidrrutioii hikI !tt>|>r(tvHl before the gauges are 

pJIHKi*d. 

112. Hurveyors are to be most careful not to give 
any ofticini sanction to any new or unusual arrange- 
iiTuriit or ooustruetion of mnrine Hteam boilers, with- 
out lirst obtaining the pennisaion of the Board, nor 
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should they ^ive any written approval of any in- 
vention, or arrangement^ unless by direction of the 
Board of Trade; and whenever they know that any 
new arrang^ement of boiler or other apparatus is to 
be fitted to a vessel that is intended to have a 
passenger certificate, they should as soon a^ possible, 
with a view to prevent subsequent delays and 
question, obtain plans of it and submit them for the 
eonfside ration of the Board of Trade. 
^^ When any deviation from an approved plan is 
^made, full particulars thereof should be submitted 
for the Board ^s consideration, and when any devia- 
tion is sanctioned it is only for that particular ease, 
unless otherwise stated, 
1 Surveyoi*s should in all cases record on their 

^■declaratioDB whether the boilers are made of iron 
or steel, and if made partly of steel and partly of 
iron they should specify for what parts either metal 
is used. 

113. At every survey of a passenger steam ship the uSiim^o t» 
Board of Trade desire and expect the Surveyor to go every surroi. 
inside the boilers, and make a thorough examination 
^■of them. Drilling of furnace and the lower parts 
^^of combustion box plates^ shell plates. &c.j should 
of course be done when considered necessary in 
order to ascertain their actual thickness. 

Declarations must not be granted for boilers which 
the Surveyor is unable to enter in consequence of 
^Pthe manholes not bein^ large enough^ or being im- 
properly placed, until sufficient means of access are 
•provided. 
When stays alone prevent the Surveyor getting 
into a boiler, such stays should be removed, but he 
must see them properly replaced before granting his 
declaration. 

If any part of a main boiler near the uptake, fire- 
[boxes, or furnaces is so constructed that the Sur- 
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ve^or eanaot examine it^ he should withhold tli^ 
declaration, and report the case to the Senior 
En^neer Surveyor, irho will, if neeesaary, refer it 
for iDstruetions* 

When boilers are not large enough for the Sur- 
veyors to enter, they should be examined as far as 
possible, and tested by hydraulic pressure at ererf 
annual survey at least. The hydraulic test may also 
be applied at every six monthly survey if the Sur- 
veyor considers it necessary , 

If for special reasons, and for special reasons only, 
the Surveyor cannot go inside a donkey boiler or 
other small boiler, he mnst distinctly state^ on the 
face of his declaration, his reason for not being able 
to do so. 

If the boiler is too hot for the Surveyor to ex- 
amine the inside efficiently, and with safety and con- 
venience, he should decline to examine it, and re- 
fuse to grant a declaration, luitO he can make an 
efficient internal examination. 

Surveyors who have to enter a boiler, which it is 
possible to connect with another boiler containing 
steam, should, before doing so, take all reasonable 
preeaiitions to secure immunity from the danger of 
steam being turned into the boiler which he entera 
during the time he is inside it. 

The Surveyors are cautioned that a number of 
cases have recently occun-ed in which many screwed 
ateel stays in the water spaces of steel boilers have 
broken squarely across in line with the water side 
of the outer plate in the ordinary course of working. 
It is sometimes difficult to detect such defects, al- 
though they may be so serious as to render the 
boiler in which they occur quite unfit for the 
pressure required, and for which it would otherwise 
be sufficient. Great vigilance is therefore necessary 
in the examination of such stays^ and the Surveyors 
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' will find the frequent application of the hydraulic 

■ test a valuable aid to the discovery of broken ones. 

■ The surfaces supported by these stays should be 

■ carefully gauged^ before, duringj and after the 

■ hydraulic test, as undue deflection will no doubt 
occur in the vicinity of any stays that may be 

• broken. It is also desirable that the outer ends of 
all such stays should have a small hole drilled 
axialiy, of sufficient depth to extend into the body 
—^ of the stay at least i inch beyond the plate into 

■ which the stay is screwed. If that is done, the 
hreakmg of a stay in the above manner wil] result 

I in leakage, and give warning to those in charge- 
Some makers reduce the diameter of the body of 
such stays aomewbat below that of the ends where 
BcreTved into the plates; that practice is a commend- 
able one, and should be encouraged by the Sur- 
veyors. 
114, Before requiring a boiler to be tested by 
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hydraulic pressure, the Surveyor should examine it an^UorkL!* 
■ as far as possible, take the necessary measurements. bJ^SSiaSon. 
and calculate the working pressure for it by the 

k Board of Trade rules*. 
This instruction applies to superheaters and steam 
chests, as well us to boilers, evaporators, &c, 

115. Surveyors should see all new boilers, and 

B boilers that have been taken out of the ship for a 
thorough repair, tested by hydraulic pressure to 
double the working pressure that will be allowed. 

• The test should be made previous to the boilers 
being placed in the vessel^ and before they are 
lagged. 

The hydraulic test should not be witnessed by the 

Surveyors in any ease where the Board's regulations 

to strength, material, method of eonstructioUj 

[treatment^ &c., are not complied with unless they 

liave previously submited the details of the partien- 
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lar case for the consideration of the Board and 
obtained authority to witness the test. 

The hydraulic test should not he applied until the 
hoiler has been examined in aceordanee with Clause 
lis, and until the strengrth has been calculated from 
the necessary meEusurements taken from the boiler 
it«5elf as per Clause 114. 

When the boilers are in the vessel the Surveyor 
jsi&y, at any time he thinks it necessary, before he 
gives a declaration, require them to be tested by 
hydraulic pressure to satisfy himself as to the 
BufReiency or efficiency of any doubtful part, or of 
any part not easy of access for inspection. 

The fnll hydraulic test should be applied to the 
boilers of all steamers that have not previously had 
a passenger certificate, before a declaration is 
granted for them. 

The full hydraulic test should be applied at each 
annual survey to boilers which are too small for the 
Surveyor to enter or satisfactorily esamine inter- 
nally. After a boiler has been subjected to the 
hydraulic teat the Surveyor should inspect it, as far 
as possible^ both externally and internally. 

If, while a boiler is being: tested, there are any 
visible or audible indications of its being defective 
the Surveyor should at once advise those conducting 
the test to relieve the boiler of pressure, and take 
steps to ascertain the nature and extent of the 
defect. The Surveyor's primary duty at a test is, 
however, to note the results and satisfy himself that 
it is properly made, the conduct of the test bein^ left 
to the representatives of those who own the boiler. 
When a test is unsatisfactory the defects should be 
made good and the hoiler re-tested. 

No test should be considered good in which the 
boiler has not borne satisfactorily the intended test 
pressure for at least ten consecutive minutes. 
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I amount of the test pressure and the date on 
which the teat was last applied should in all cases 
be inserted in the Sun^eyor's declaration, and re- 
corded in the office boiler book, 

116. Surveyors should pay particular attention to 
he esamination and testing of steam pipes. 

All new copper steam pipes should be tested by 
hydraulic pressure to not less than twice and not 
more than two and one-half times the working 
pressure. The hig'her test should be that usually 
employed, "When, however, special considerations 
arise, the ease should be fully submitted and instruc- 
tions obtained before the Surveyor proceeds with the 
hydraulic test. 

Wrought-iron lap-welded steam pipes should be 
tested by hydraulic pressure, when new, to at least 
three times the working pressure, but a higher teat 
pressure need not be objected to provided it does not 
exceed four times the pressure found by the rule in 
Clause 118. 

I As regards old pipes the Surveyor may nt any 
time he thinks it necessary, before he gives a 
declaration^ require them to be tested by hydraulic 
pressure to satisfy himself as to any doubtful part, 
but they should be tested periodically, with the 
lagging removed for examination, to not less than 
double the working pressure. A record of the test 
should be kept in the office boiler book. For ex- 
planatory and supplementary instructions see 
Appendix B, page 323. 

There should be efficient means provided for 
Sfiraining all steam pipes. Boiler stop-A^alves cannot 
be regarded as suitfible for that purpose. All 
drain cocks or valves should be accessible and so 
placed as to render it practicable to drain the water 
from any portion of the steam pipes or chests in con- 
nection therewith. Drain pipes should be fitted to 
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from w^mld be likely to eaote penonal iojiirj. It 
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117, The working presBore of well-m»de copper 

pipeti when the Joints are brazed is found bj the 

following' formula: — 

6000 >< (T^,V) 

■ — ■- =- ^TTorking pressure. 

T^ thickness in inches. 

1> = inside diameter in inches. 

Whffii the pipe8 are solid drawn and not over 
inchei* diameter substitute in the foregoing formnla 
^ for ,\, 

In any case where the Board of Trade authorise 
»^ trial to be made of electro deposited pipes, the 
Surveyors should continue, as at present, to see that 
the conditions on which ^uch trial is authorised are 
FnlfillMd. 

IIH, Tin* iriternal pressure on wrought-iron pipes 

nmdf* of ^^(jod matc^rial and lap-welded may lie 

determined by the following formula, provided that 

the minimum thickness is not less than J inch, and 

the workmanship, hydraulic testj &c., satisfactory: — 

6000 X T 

' — — =workmg pressure. 

T = thickness in inches. 

D = inside diameter in inches 

119. Peed pipes, feed heaters, filters or other 
vessels throiig:h which the feed water passes on its 
way from the pumps to the boilers, should be made 
sufficient for a pressure 20 per cent, in excess of the 
boiler pressure, 

120, In all cases in which a socket expansion joint 
is fitted to a bent steam pipe, the Surveyor should 
require a fixed gland and bolts or other efficient 
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the end of the pipe 



This regulation 
^kshould be complied with in all cases of bent pipes 
fitted with !50cket expansion joints, and it is also 
desirable that fixed glands and bolts should be fitted 
to the expansion joints of straight steam pipes, as 
cases have oeeurred, particularly with small straight 

P pipes, in which the ends have been forced out of the 
sockets. 

121, In all boilers in which the Surveyors find that p"l 
' cast iron is employed in such a manner as to be sub- afanj-p?^' 
Bjected to the pressure of steam or water, they should ''*"^'''*' *'^- 
report the circumstances to the Board of Trade. 
Cast-iron standpipes or cocks intended for the 
passage through them of hot brine should not be 

t passed- Surveyors should also discourage the nse 
of cast-iron chocks and saddles for boilers, and par- 
ticular attention should be paid to the chocking of 
boilerSj more especially when they are fired athwart- 
..jships. 
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122. When the boilers of a vessel are surveyed in ^™^,?fj;^, 
the works by one Surveyor and the survey of the ^°^ *" ^ 



vessel IS completed and the declaration granted by 
another^ the Surveyor who has surveyed the boilers 
should inform the Surveyor who is to ^ant the 

I declaration what, in his opinion^ the working 
pressure should be; he should also certify in the 
usual manner as to the efficiency and sufficiency of 
the parts he has surveyed. The Surveyor who 
grants the declaration must also examine the boilers 
after they are fitted in the vessel, and in the absence 
of special instructions from the Board of Trade he 
will be held responsible for the pressure allowed. 
KHc should, however, neither reduce nor increase the 
^preasiire named by the Surveyor who surveyed the 

boilers in the works without consulting that officer, 

and if any differenee of opinion then exists the 
matter should be referred to the Board of Trade. 
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A pressure once allowed on the boiler of a passen- 
ger steam ship should not, under miy cir€itmstanceSf 
be increased tmless the Surveyor has previously 
referred the matter to the Board of Trade. In eases 
where a Surveyor ia of opinion that an increased 
pressure may with safety he allowed, he should com- 
municate with the Surveyor who last surveyed the 
vessel; and, if, on learning the reasons why the exist- 
ing pressure was formerly allowed, the Surveyor in 
still of opinion that it may be increased, be should 
communicate all the facts of the case to the Board of 
Trade; but, as above stated, the pressure should not 
in any case he increased until the question has been 
decided by them. 
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123. The locked-up valves, te,, those out of the 
control of the engineer when steam is up, should 
have an area not less, and a pressure not greater, 
than those which are not locked up if any such 
valves are fitted. 

Cases have come under the notice of the Board of 
Trade in which steam ships have been surveyed, and 
passed by the Surveyors with pipes between the 
boilers and the safety-valve chests. Such arrange- 
ment is not in accordance with the Act^ which dis- 
tinctly provides that the safety-valves shall be upon 
the boilers. 

The Surveyors are instructed that in all new 
boUerSf and whenever aUeratlons can 6e easily triads, 
the valve chest should be placed directly on the 
boiler; and the neck, or part between the chest and 
the flange which is bolted on to the boiler, should be 
as short as possible and be cast in one with the cheat. 

The Surveyors should note that it is not intended 
by this instruction that vessels with old boilers 
which have been previously passed with sueh an 
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arrangement should be detained for tlie alterations 
to be carried out. 

Of course, in any ease in which a Surveyor is of 
opinion that it is positively dangerous to have a 
length of pipe between the boilers and the safety- 
valve chestj it is hia duty at once to insist on the 
requisite alterations being made before granting a 
declaration. 

If any person place an undue weight on the safety- 
valve of any steam ship, or in the case of steam ships 
surveyed under the Act, increase such weight be- 
yond the limits fixed by the Engineer Surveyor he 
ahallj in addition to any other liability he may incur 
by so doings be liable for each ol!:enee to a fine not 
exceeding one hundred pounds, 

124. When natural draught is used the area V^^' fni^Bn! "'^^' 
square foot of fire-grate surface of the loeked-np 
safety-valves should not be less than that given in 
the following tahle opposite the boiler pressure 
intended, but in no ease should the valves be less 
than 2 inches in diameter. This applies to new 
vessels and to vessels which have not previously 
received a passeng-er certificate, 

When, however^ the valves are of the common dea- 
seription, and are made in accordance iiith the 
table, it will be necessary to fit them either with 
springs having great elasticity, or to provide other 
means to keep the accumnlation within moderate 
limits. 

When forced draught is used, the area of the 
safety-valves should not be less than that found by 
the following formula : — 

/* Estimated consumption of 

A >< -} eoal per square foot of 

t gmte in lbs, per hour area of valves 

20 ^~ required. 

A ^ area of valves as found from the table. 



When the pressure exceeds 1801bs. per square 
inch the accumulation of pressure at the steam 
test win probably be exceptionally high, unless the 
area of the branch leading from the valve chest is in 
excess of the area of the valves and the area of the 
main waste steam pipe is eorrespandingly in excess 
of the gross area of the valves. 

AVhen ascertaining the fire-grate area, the length 
of the grate should be measured from the inner edge 
of the dead plate to the front of the bridge, and the 
width from side to side of the furnace on the top of 
the bars at the middle of their length. 

In the ease of vessels that have not previously had 
a passenger certificate, if there is only one safety- 
valve on any boiler, the Surveyor should not grant 
a declaration without first referring the case to the 
Board for special instructions. 

Safbty-Vaive Areas. 
, (Natural Draught.) 
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125. The Surveyor in his examiBation of the" 
machinery and boilers is particularly to direct his 
attention to the safety-valves, and whenever he con- 
siders it necessary, he is to satisfy himself as to the 
pressure on the boiler by actual trial. 

The Surveyor is to fix the limits of the weight to 
be placed on the safety-valves, and the responsibility 
of issuing a declaration before he iis fully satisfied 
on the point is very grave. The law places on the 
Surveyor the responsibility of *'declaring'' that the 
boilers are in his judgment sufficient "vrith the 
"weights he states. 

The Surveyor is to examine the whole of the 
valves, weights, and springs at every survey. 

The responsibility of seeing to the efficiency of the 
mode by which the valves are fitted^ so as to be out 
of the control of the engineer when steam is up^ 
rests with the Surveyor, who should see that the 
method adopted is efficient and approved by the 
Board of Trade, 

The safety-valves should be 6tted with lifting- 
gear^ so arranged that the two or more valves on 
any one boiler can at all times be eased together^ 
without interfering with the valves on any other 
boiler. The lifting-gear should in all cases 
be arranged so that it can be worked by hand either 
from the engine room or stoke-hole. 

Care should be taken that the safety-valves have a 
lift equal to one-fourth their diameter; that the 
openings for the passage of steam to and from the 
valves, including the waste-steam pipe, have each an 
area not less than the area required by Clause 124, 
and the area of the main waste steam pipe should 
not be less than the combined area of the branch 
pipes. Each valve box should have a drain pipe 
fitted at its lowest part. 

In the case of lever-valves, if the holes in the 
lever are not bushed with brass, the pins must be 
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of brass ; iron and iron working together must not be 
passed. 

Too much care cannot be devoted to seeing that 
there is proper lift, alao that free means of escape 
for the waste steam are provided, as it is obvious 
that unless the means for escape of the waate steam 
are amplej the effect is the same as reducing the 
area of the valves or putting an exti^a load upon 
them. The valve seats should be secured by. studs 
and nnts. 

The Surveyors are, as far as in their power, to 
make the opinion of the Board on these points gener- 
ally known to the owners of passenger steamers, 

126. "When the Surveyor has determined the work- 
ing pressure he is to see the safety-valves weighted 
accordingly, and the weights or springs fixed in such 
a manner as to preclude the possibility of their shift- 
ing or in any way increasing the pressure. The 
limit of the weight on the valves is to be inserted 
in the declaration, and should it at any time come 
to a Surveyor's knowledge that the weights have 
been shifted, or the loading of the valves otherwise 
altered, or that the valves have been in any way 
interfered with, so as to increase the pressure, with- 
out the sanction of the Board of Trade, he is at 
once to report the facts to the Board of Trade, 

127. If the following conditions are complied with 
the Surveyor n^ed raiae no question as to the substi- 
tution of spring-loaded valves for dead-weighted 
valves : — 

(1.) That at least two valves are fitted to each 

boiler. 
(2.) That the valves are of the size, as by Clause 

124. 
(30 That the springs and valves are so cased in 

. that they cannot be tampered with. 
(40 That provision is made to prevent the valves 

fiying off in case of the springs breaking. 
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(5,) That the requisite safety-valve area is case^ 

in and locked up in the usual manner of 

the Government valves. 
(6.) That screw lifting gear is provided to ease sU 

the valveSj as by Clause 125. 
(7.) That the size of the steel of which the springs 

are made is in accordance with that found 

by the following formula: — 



3/« X D 



= d 



8 ^the load on the spring in lbs, 

2>^the diameter of the spring" {from 

centre to centre of wire) in inches. 

d ^the diameter, or side of square, of the 

wire in inches. 
c r= 8000 for round steel, 
c ^=11000 for square steei. 
(8J That the springs are protected from the steam 

and impurities issuing from the valves. 
(9.) That when valves are loaded by direct 
springs the compressing screws abut against 
metal stops or washers, when the loads 
sanctioned by the Surveyor are on the 
valves. 

(10.) Thai the springs have a sufficient number of 

eoik to allow a compression under the 

working load of at least one quarter the 

diameter of the valve. 

The size of steel of springs of safety valves should 

not as a rule be less than } inch. 

128. In no case is the Surveyor to give a declara- 
tion for spring-loaded valves, unless he has examined 
them and is acquainted with the details of their con- 
struction, and unless he has tried them under full 
steam, and full firing, for at least 20 minutes with 
the feed-water shut off and stop-valve closed, and is 
folly satisfied with the result of the test. In special 
eases, when the valves are of novel design, or where 
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forced draught is iised^ the results of the test Tinder 
full steam should: be reported, but if the Surveyor is 
fully satisfied with them he need not delay the 
granting of the declaration for the vessel pending 
the approval of the Board. If, however, the 
accumulation of pressure exceeds 10 per cent, of the 
loaded pressure, he should withhold his declaration 
and report the case to the Board of Trade, aceom- 

■ panied by a sketch, if necessary, and stating the 
^jjtrength pressure and the working pressure of the 
Vboilers. 

■ 129. In the ease of safety-valves, of which the dSS.^'^oi?™ 
principle and details have already been passed by Se^a^^'irii" 
the Board of Trade, the Surveyor need not require 
plans to be submitted so long as the details are un- 
altered, of which he must fully satisfy himself; but 
in any new arrangement of valves, or in any ease in 
which any detail of approved valves is altered, he 
should, before assuming the responsibility of passing 
them, report particulars, with a drawing to scale, 
to the Board of Trade. He can make this drawing 
himself from the actual parts of the valves fitted, 
but m ordei* to save time^ and to facilitate the sur- 
vey, the owners or makers thereof may prefer to 
send in tracings of their own, before the valves are 
placed on the boiler. If they do this the survey 
can be more readily made, and delay and expense 
may be saved to owners, as the Surveyor will not 
then have to spend his thne, and delay the ship, in 
preparing drawings and comparing theni with the 
valves. 

The tracings of new safety-valve designs should* 
where practicable, be transmitted to the Board of 
Trade for consideration before the construction of 
the valves is commenced. 

The Surveyors should arrange with manufacturers 
to supply the designs of safety-valves which they 
intend to make. An easy method of facilitating this 
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^^^^^^^^^mntt^r is for tlie manufacturer to leave in the local ^| 


^^^H Surveyor' a office an approved plan or plane of his ^M 


^^^H valve or valves, and then afterwards to inform the ^M 


^^^H Surveyors that the v^dves fitted are according to ^M 


^^^H drawing A, B, or C, as the caf^e may he. By this H 


^^^H means when once a design has been agreed upon^ H 


^^^^P and is adhered to, all subsequent questions and ^ 


^^^^^ delays will be prevented. ^J 


i^t^guM i2Q The folloiving is a List of Names of Spring H 


■HijL SafetyA^alve Makers whose Standard Designs have H' 


^^^H been approved by the Board of Trade * H 






niam'tarfl ^Tl 






o/ VaWefl 


^^^^^B Ifamei of Flriaa wIlcmb Standard 




iDclud4il 1 


^^^^^H DaiiuTLS li&Tfl bMa approrfid. 


Add»H. 


in ^m 
Standard ^M 
BiMiKllB. ^M 










Ii^cbei. ^1 


^^^^H Adama, Thomai 


Maticli ester 


2to6 ^H 


^^^1 AJley & MncLellnn.. 


Glasgow 


2 to 6 ^H 


^^^^H AllBUp ^ gotlB 


Preston 


3 to 4} ^M 


^^^H Amoe A Smith 


Hull 


2 to 5 ■ 


^^^H Bailej & U'ethfim . . 


Hull 


and 44 ■ 


^^^1 Bailey, W. H. & Go. 


Manchester 


£to6 ■ 


^^^B BlRir £ Co 


Stockton-on-Tees 


3 to 4 H 
and6i H 


^^^^H Bow, MeLachlan & Co. 


Paisley 


3 to 4 ^B 


^^^^^1 Central Marine Engine 




^H 


^^H Works 


West Hartlepool 


3 to 4 H 


^^^B CL^rke, B. & Co 


Brmispombe, nr. Stroud 


■ 


^^^H Clnrk, Geo. ., 


SuDderland 


S to 5i H 


^^^^H C]arli«^ Chapman & Gume^ 


Gateshead-on Tyne 


H 


^^^H Co(?hran ft Co. 


Annan . . 


S to 3 H 


^^^^^1 Cockbum, D. 


Glasgow 


£ to ^ ^M 


^^^^^1 Cockbum, QeoTge & Co. . . 


G-laagow 


2 to ^ ^M 


^^^1 Coe, W, J. 


Liverpool 


Sloe} ■ 


^^^H Cox ft Co 


Falmouth 


2to3| H 


^^^H Dansey 


London 


H 


^^^H Davis; G 


Abingdon 


H 


^^^^H Day* Summers & Co. 


Southampton . . 


2to5} H 


^^^^H Dickinson, Johut ft SonB . ■ 


Sunderland 


3 to 3} H 


^^^H DixoD, R., ft Co 


Middlesbrougb , , , 


2^ to 3 ^H 


^^^^^B Earle'a ShiplDuildiPg Coy... 


Hull , 


3 to 6 ^M 


^^^^^1 Umpire Company 


Manchester 


2 to 6 ^M 


^^^^H Fletcher, John 


Aaht OB - under-LynB 


3 to 4 H 


^^^H Fraser, A. B. ft Co 


Liverpool 


3 to 6| ^ 


^^^H •Note.— Any rteparture from the dEsigns as approved should ^M 


^^^^M be report'ed to tbe Board for coniideration. ^H 
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Dfiiui'i era ^^^^^H 

of ^^^H 


H Knme« o! FLnsa whose StuiOud 




^^^^H 


^B Umigui biiTe bfleu iipprov«4. 


Jl^tlTl'H, 








DtrHJ^V. ^^^^^H 


B Gourlay Brothers A Co. . . 


Dundee 


to 2^ ^^H 


Grant, J. A. fi Co. . . 


Glasgow 


^^H 


Hall, Rnasdl & Co. . . 


Aberdeen 


to ^^^1 


Hs-rding, Gocka *fc Co. 


London 


^^^1 


Harvpy £ Co., Ltd. . . 


Hayle 


3 H ^^H 


Hawthorn, R. & W., Leslie 






& Co. 


Neweaatle-oB-Tyne 


^^H 


Henderson, D. & W. 


Glasgow 


31:0 6} ^^B 


Hfipplo & Co. 


No¥th Shields 


^^H 


Holmes, C. D. & Co. 


Hull 


^^^H 


Hopkiijsoji, J. & Cov 


Huddersfield . . 


^^^1 


^ Hunt. Mttton & Co. 

■ Lrfibnitz & Co 

H LuDclon ELtid Claagow Bugl- 


Birmingham 


^^H 


Renfrew 


^^1 






neeringr &t!. Co. , . 


Glaagow 


StoG ^^H 


Noakea. T. & Sana , , 


London 


^^^1 


Palmeif *9 Ship"bu5iding Co, 


jarrow-on-Tyne 


3 ^^H 


Pattiaon. G. A 


Liverpool 


to 61 ^^^1 


Paul, M. & Co 


Dumbarton 


^^^1 


PleTitj & Sons 


Newbury 


^^^H 


■ Pollock & Maenat . . 


Manchester 


6^ ^^H 


H Pollock, Macnab & Highgate 


Glasgow 


2 3 ^^^1 


■ Rennoldson, J. P. . . 


South Shields . , 


^^^^1 


Richardsona, WePtgarth & 






Co 


Hartlepool 


33 to 52 ^^H 


RichardsoiiB, Westgarth & 






Co 


Middlesbrotigh 


to ^^H 


Roiief, RoheTt & Co. 


Btockton-on-Teea 


to ^^H 


Royal Mail Steam Packet 






Co 


Southampton 


3 to 64 ^^H 


Scfcaffer & B^jdenberg 


London 


to Si ^^^1 


Scott & Co. , . 


Greenock 


2h to 4} ^^^H 


Semple, R. & Co 


BellBhUJ, LflnaTkHhire 


2 ^^^1 


Shepherd & Co 


Liverpool 


^^^1 


Simpaon, Strickland & Co. 


Dartmouth 


^^^1 


SiBson. W. & Co 


Glonceater 


2tQ3i ^^H 


B Stephenaon, Robert & Co. . . 
f Stevenaon, J, C. & Co* . . 


Newl;^astle on-Tyne 


^^^H 


Preston 


^^^B 


Taylor, James & Co. 


Birkenhead 


^^^1 


rhompeon, J. L. & Sobb . - 


Sunderland 


23 to 3 ^^H 


Turnbull, Alerr, & Co. . . 


GlasfTow 


2to6i ^^H 


Tytifi General Feriy Co. , . 


NVwt-fistle-on-Tyne 


^^H 


"WallsentJ Slipway Co. 


Wall»end'On-TjTa© 


4 and 41 ^^H 


Watson, H, & Sons 


N^Avcnatle-on-Tyne 


23 and 3 ^^H 


Willoughby Broa 


Plymouth 


2 to 34 ^^H 


Worth, Mackende & Co. ,, 


Stockton-on-TeeB 


2ito3 ^^H 


H _^^^^l 



DlJUtP'ra. sQi) 
■VI' rbHT 

BILfMr-VnlTPS 

■re kept liL 
pnvvt ofder. 



and teste for 
acGumulaUoD 
of jirceaure to 
be nude witb 
Board of Tmde 
KHOffes. 



131. It is clearly the duty of the masters and 
engineers of vessels to see, in the intervals between 
the surveys, that the locked-up safety-valves, as weU 
as the other safety-valves and the rest of the 
machinery, are in proper working order. There is 
no provision in the ilerchant Shipping Act, 1894, 
exempting the owner of any vessel, on the ground 
that she has been surveyed by the Board of Trade 
Surveyors, from any liability, civil or criminal, to 
which he would otherwise be subject. The Act of 
Parliament requires the Government safety-valves 
to be out of the control of the en^rineer when the 
steam is up; this enactment, far from implying that 
be is not to have access to them, and to see to their 
workings at proper intervals when the vessel is in 
port, rather implies the contrary; and the master 
should take care that the engineer has access to 
them for that purpose. Substantial locks that can- 
not be easily tampered with, and as far as possible 
weather-proof, should be used for locking up the 
safety-valve boxes. 

132. When witaessing hydraulic tests of boilers, 
&c., and when witnessing safety-valve tests for ac- 
cumulation of pressure, the Surveyors are to use the 
pressure ^ranges supplied by the Board of Trade for 
the purpose. No steam p:aufre should be used with- 
out having a syphon filled with water between it 
and the boiler. 



Boilers and Machinery, &c* 



whmtmachiiierr ^g^^ The machinery to be surveyed comprises the 
■urreyed. eu^incs and boilers used for propelling the vessel, 
and all the machinery connected therewith, A don- 
key boiler connected with a donkey engine that is 
used for pumping water into the main boiler, is con- 
sidered to be connected to the machinery and boilers 
used for propelling the ship. But boilers and 
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machinery used for Loading or unloading the vessel^ 
and used exclusively for purposes unconnected with 
the motive power of the vessel, do not form a part 
of the machinery required to be surveyed by the 
Merchant Shipping Aet, 1894. 

134. Surveyors should, before granting deelara- ^^l^ ]f, ^* 
tions for any period exceeding sis months, be care- i'l^i^^qStLn. 
ful when examining the machinery: to have (1) the 
upper brasses of all bearings taken off; (3) the- shaft 
turned round and carefully examined; (3) the cylin- 
der covers and junk rings lifted for examination of 
the cylinders and pistons; (4) the slide covers or 
bonnets removed for examination of the slides, aud» 
if necessary, the slides taken out; (5) the air and 
circulating pump covers lifted for examination of 

■ the pump buckets and valves; (6) the covers of all 
feed and biloie pumps removed for the examination 
of the valves; (7) all discharge-valves and sea-cocks 

■taken apart for examination; (8) the propeller shaft 
withdrawn when necessary, and it and the screw 
examined (in all eases in which the shaft is with- 

■ drawn, it is to be seen again after the screw is 
secured in its place) ; (9) the bridges and fire-bars 
removed to permit of a thorough examination of the 
boilers and furnaces; (10) all cocks and valves on 
the boilers taken apart and examined. 

I When a Surveyor has seen the machinery of a new 
steamer in the shop before it was put together, and 
m satisfied with it, it will not be necessary to have 
it again opened up on board the ship on the first 
survey for examination^ either by himself or another 
Surveyor, unless in the Surveyor's judgment it is 
necessary after the vessel has been tried under 
steam. 

B It will rest with owners to determine whether or 

not they will npply for a certificate for any period 
exceeding six months; but if they do so determine, 
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then the above instnictions are to be complied with 
before a declaration is granted. 

The above instruction are also to apply at least 
onoe a year to the survey of all paasenger 8teamen» 
whatever may be the period for which the dedan- 
tioniv are given. 

After the exoniination of the parts has been made 
iLH above, the machinery mugt be tried, under steam 
at full pressure. 
bS^cBM^iiy In the exumination of the raaehinery and boUer^ 
the Surveyor should in no ease give a declaration 
withiJiit thoroughly Batisfying himself that both the 
boilepB and the machinery are sufficient for the ser- 
vice intended^ and in good condition. 

135. In cases in which emigrant steamers are sur- 
veyed at the commencement of every voyage, and 
kin which they are absent for periods less than six 
months at a time, the above instructions do not apply 
to every survey. The usual examination each 
voyage is siiflRcient, One complete survey at least, 
fls indicated above, should, however, be made each 
year. 

^^'i^'rlif ^^^- ^^*^^^i boiler of a passenger vessel, whether 

•^?~' old or ii(»AV. should be fitted with euitable check 

B valv<^s between it and the feed pipes^ and the boilers 

H of all new passenger vessels, passenger tugs, and 

other small paaaenger vessels should be fitted with 
j^eparnte feeding arrangements in addition to, but 
unconnected with, the main feed pipes and valves. 
It JB deairnble that the main feed check valve chest 
on each boiler be separate and distinct from that of 
the auxiliHty feed, and that a stop eock or stop 
valve be fitted in each chest or between each chest 
and the boiler, so that the latter njay be shut off, 
and either of the check valves examined while the 
other feed is at work. In very small vessels an 
efficient hand-pump, instead of the donkey pump, 
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may be passed if the Surveyor has satislied himself 
as to its efficiency when steam is up, and provided 
there are separate feed pipes and valves, as directed 
above. This is to apply also in the ease of old 
vessels of the above deseriptiooj when being fitted 
with new boilers. 

The Surveyor should discourage the practice of 
using the same pump for the bilges and for feeding 
boilers. 

B 137. All inlets or outlets in the bottom or side o^^^^^^i^^"' 
a vessel near to, at, or below the deep-load water ^tS^sbil^i*^^' 
line other than the outlets of watercloset, soilj 

Kaeupper, lavatory and urinal pipes should have cocks 
or valves fitted between the pipes and the ship's 

•side or bottom^ such cocks or valves should be 
attached to the skin of the ship, and be so aranged 
that they can be easily and expeditiously opened or 
closed at any time; and the cocks, valves, and the 
whole length of the pipes should be accessible at all 
times. 
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Cocks or valves standing exceptional distances 
from the ship's plating, that is where the necks are 
longer than is necessary for making the joints should 
not be passed without the sanction of the Board of 
Trade, and one condition of their being passed is 
that they should be made of gnn-metal, and well 
bracketed. 

Although in the case of vessels which have already 
been grant ed pa saen ge r certifi cat es it is very 
desirable that the cocks and valves above referred 
to should be so arranged that they can be opened 
and closed expeditiously by hand, and that they and 
the whole length of the pipes referred to should be 
accessible at all times, still in vessels in which there 
la a difficulty in attaining this object, a strict com- 
pliance with the above may be dispensed with if, 
after a consultation, the Principal Officer, the Senior 
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blow-off eockii^ 






Engineer Surveyor and the Surveyor are satisfied 
that the difficulty is serious, and that the arrange- 
ments existing are on the whole safe. 

The Principal Officer should in such cases alwaya 
Rend a special report to the Board of Trade, witli 
the Surveyor's report and statement of the arrange- 
ments on board, and of the reasons for authorising 
a departure from the ordinary conditions. 

13S. With a view to the prevention of accidents 
to boilers through the blow-oft' coeks being left open 
after the boiler is run up, and to prevent water get- 
ting accidentally or intentionally into the ship by 
cocks being left open, all blow-off cocks and sea con- 
nections below the plates or out of sight, should be 
fitted with a guard over the plug, with a featherway 
in the saine^ and a key on the spanner^ so that the 
spanner cannot be removed unless the cock is closed. 
The spanner when in place should extend above the 
platform. When cocks are in sight guards need not 
be fitted provided the spanners are aeenred to the 
plugs by pins. The spanners should not be shnink 
on the heads of the plugs. One cock should be 
fitted to the boiler, and another cock on the skin of 
the ship or on the side of the Kingston valve. 

Valves may be substituted for the blow-off coeks 
on the boilers, but in such cases the blow-off cock 
on the skin of the ship must be fitted with a spanner 
guard so that the spanner cannot be removed when 
the cock is open^ and if the blow-off pipe is used for 
more than one boiler an intermediate switch-cock 
or a suitable non-return valve to each boiler should 
be fitted so that water cannot be blown from one 
boiler to another. 

When the pipes are so arranged that the water in 

the boilers can be circulated by means of the donkey 
pump, similar precautions should be observed; and 
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COCK ntted with a spanner and |i;Tiard, the handle 
of which will stand ahove the leve^ of the platform, 
should be fit£ed in the circtdating pipes, preferably 
Dear the pump. 

139. In all cases where pipes are so led or placed 
that water can nm from the boiler or the sea into 
the bilge, t-ither by accidentally or intentioBally 
leaving a cook or valve open, they should be fitted 
with a non-return valve having a screw spindle not 
attached, by which the valve may be set down in its 
seat when necessary; the only exception to this is 

»the fireman's ash cock, which must have a cock or 
Talve on the ship's side and be above the stoke-hole 
plates. 

»140. The exhaust pipe for the donkey engine 
should not be led through the ship*^ side; it should 
be led on deck or into the main waste steam pipe, 
and in all cases it should have a drain-cock on it. 

tl41. In the case of the outlets of watercloset, soil, 
scupper, lavatory, and urinal pipes which are below 
the weather deck, there should be an elbow of good 

»Bubstantiai metal other than caat-iron or lead; and 
the pipe connected with this elbow should, if of 
leadj have a sufficient bend to provide for expansion 
in the pipe or any movement from the working of 
the ship, Pipes, no matter of what material they 
may be constructed, should never be fitted in a direct 
— line between the apertures m the ship's side and its 
y connexion with the deck, or closet, or other fittings. 
The pipes nnd valves should be protected from the 
cargo by a substantial casing of wood or iron which 
need not be water tight. Unless the watercloset and 
scupper pipes and their outlets are fitted in the way 
hereby required, or in a manner that will in the 
opinion of the Surveyor and of the Principal Officer 
be more or equally efficient and safe, the Surveyor 
should refuse to grant a declaration. Where closets 
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are fitted below the water linCj as in the case of 
pumping closets, plans should be specially sub- 
mitted for approvaL For closets with their outlets 
above the weather deck, no special regulations are 
necessary. 

This clause applies only to the case of sea-going 
steamers coming under survey for the first time. 

142. In the case of boilers and machinery it may 
be impracticable without great inconvenience and 
delay to the shipowners to apply any satisfactory 
tests to the material used after the boilers or 
machinery are placed in tbe ship. 

With a view to obviate such inconvenience and 
delay the Surveyor is authorised at the request of 
the manufactarer or of the person for whose in- 
tended ship the material is being manufactured, to 
inspect and test sueh material during manufacture. 

Such request must be made on Form Surveys 6, or 
on Form Surveys 6a, or on such other form as the 
Board of Trade may from time to time direct, and 
must be accompanied with a written undertaking to 
pay to the Board of Trade on the delivery of the 
eertitieate, (1) sueh sum for travelling expenses as 
the Board of Trade may fix; andj (2) the sum of 
two guineas, or such less sum as the Board of Trade 
may fix as a commuted payment for every day or 
part of a day that the Surveyor is occupied in in- 
specting or testing the material, or in travelling to 
and from the place of inspection to cover loss of 
time^ subsistence, and other expenses. 

If no such inspection of materials is made during 
manufacturGj the Surveyor is not to give a declara- 
tion in the case of steel boilers or machinery unless 
he has satisfied liimaelf, by requiring a sufficient 
number of plates or quantity of material to be taken 
out and tested, or in some other effectual manner, 
that the material and workmanship are entirely 
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satisfactory, and in no case without a special 
reference to the Board of Trade. 

143. In the case of steamers performing ocean ^^ S^'b*"'^ 
voyages and coming in for survey, no question as "^'"^^^ 
to g-ear need be raised if the following spare gear 
and stores, or their equivalent, are supplied. The 
particulars of equivalent spare gear should be sub- 
mitted to the Board for consideration. The heavier 
portions of this gear should be fitted and tried in 
their places, and should be kept on board where 
RGcess can at all times be had to them; — 

1 pair of ednneeting rod brasses. 

1 air-pump bucket, and rod, with guide. 

1 circulating pump bucket and rod. 

1 air-pump bead-valve^ seat, and guard. 

1 set of india-rubber valves for air-pumps. 

1 circulating pump head-valve, seat, and guard. 

1 set of india-rubber valves for circulating 
pumps. 

2 main bearing bolts and nuts. 
2 connecting rod bolts and nuts. 

2 piston rod bolts and nuts, 
8 screw shaft, coupling bolts and nuts. 
1 set of piston springs suitable for the pistons. 

3 sets, if of india-rubber, or 1 set if of metal, of 
feed-pump valves and seats, 

3 sets, >f of india-rubber, or 1 set if of metal, of 

bilge pump valves and seats. 
1 hydrometer. 

3 boiler tubes for each boiler. 
100 iron assorted bolts^ nuts, and washers, 

screwed but need not be turned. 
12 brass bolts and nuts, assorted, turned and 

fitted, 
50 iron bolts and nuts, assorted, turned, and 

fitted. 
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50 condenser tubes. 

100 sets of packing for condenser tube ends, or 

an eqiiivalent. 
At least one spare spring of each size for escape 

valves. 
1 set of water-gauge glasses. 
TTjtb of the total number of fire-bars necessaiy. 
3 plates of iron, assorted. 
6 bars of iron^ assorted, 
1 complete set of stocks, dies, and taps, suitable 

for the engines. 
1 smith 's anvil, 
1 fitter's vice. 

Ratchet-braces and suitable drills. 
1 copper or metal hammer. 
Suitable blocks and tackling for lifting weights. 
1 dos'.en filea, assorted, and handles for the same. 
1 set of drifts or expanders for boiler tubes. 
1 set of safety-valve springs (if so fitted) for 

every four valves; if there are not four 

valves, then at least one set of springs mnst 

be carried. 
1 screw jack. 
And a set of engineer*g tools suitable for the 

service, including hammers and chisels for 

vice and forge; solder nnd soldering iron; 

sheets of tin and copper; spelter; muriatic 

acid, or other equivalent, &c., &c. 

144, Main, tunnel, propeller, and paddle shafts 
should not be passed if less in diameter than that 
found by the following fomiiiiaB, without previously 
submitting the whole case to the Board of Trade for 
their consideration. It will be found that first-class 
makers generally put in larger shafts than those ob- 
tained by the formulie. 

For compound condensing engines with two or 



more "cj^Hnders, when the cranks are nol 
hung : — 



over- 






Where S=diameter of shaft in inches. 

(J2— ; square of diameter of high pressure 

cylinder in inches or sum of squares of 

diameters when there are two or more 

high pressure cylinders, 
D^=8quare of diameter of low pressure 

cylinder in inches or snm of squares of 

diameters when there are two or more 

low pressure cylinders. 
F^^ absolute pressure in lbs. per square 

inch, that is* boiler pressure phis ISlbs. 
C = length of crank in inches. 
f = constant from following table. 

For ordinary condensing engines^ with one 
or more cylinders, when the cranks are not 

hung:— 

_ V C X P X D^ 

^ V 3X/ 

3 X f X S3 



two, 

over- 



CxD3 
Where S^^diameter of shaft in inches. 

1)2^ square of diameter of cylinder in 
inches or sum of squares of diameters 
when there are two or more cylinders. 
p = absolute pressure in lbs. per square 
inch, that as, boiler pressure plus ISlbs. 
C^ length of crank in inches. 
f == constant from following table : — 
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The preaeneo of zinc in such boilers is also 
objectionable, and Surveyors should refuse to pass 
boilers so fitted for use on board vessels sailing 
under the provisions of Part III. of the Merchant 
Shipping Act, 1894. 

When th*; water is pumped into the condenser 
there should be an efficient escape valve fitted to it, 
which cannot be readily tampered with, and if the 
condensing portion of the apparatus or the cooler 
and filter be unfit to bear the pressure on the boiler, 
an efficient safety-valve that cannot be readily over- 
loaded should be fitted between the steam pipe and 
the apparatus. 

146. It is advisable that the donkey engine for 
pumping water through the condenser be so fitted 
that it can be made available in case of emergency 
for extinguishing- fire in any part of the ship; a 
leather hose, with suitable bends and conductors, 
should be supplied for this purpose, 

147. The following list of tools and materials 
should be provided for distilling apparatus: — 

1 set of stoking tools. 

1 sealing tool. 

1 spanner for boiler doors. 

1 set of fire bars^ suitable for boiler. 

1 14-inch flat bastard file. 

1 14-inch half-round file. 

1 lO-inch round file. 
3 file handles, 

2 hand nold chisels, 
1 chipping hummer. 
1 pair of efficient gas tongs. 

1 soldering iron. 
10 lbs. of solder. 

2 lbs. of rosin. 
6 gauge glasses. 
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^1 


24 india-nibber gauge-glass washers. 




^^^^1 


30 bolts and nuts, assorted. 




^^^^1 


1 slide rod for donkey pump. 


. 


^^M 


5 Iba. spun yarn. 




^^M 


10 lbs. cotton waste. 




^^^ 


1 deal box, with lock, complete. 




^H 


2 gallons machinery oil. 




^H 


Animal charcoal sufficient to charge 


the 


mter ^H 


^^P at least twice. 




^H 


1 can for machinery oil. 




^H 


1 oil feeder. 




^^^ 


1 small bench vice. 




^H 


1 ratchet brace. 




^H 


4 drills, assorted. 




^^^1 


1 set dies and taps suitable for the bolts. 


^^^M 


2 glass Halinometers. 




^^^M 


1 hydrometer and pot. 




^H 


1 shifting spanner. 




^H 


1 lamp for eng-ineer. 




^H 


And any other articles that the parti 


cular dia- ^^| 


tiller and boiler supplier may, in 


the 


^H 


^^H yeyor's judgment, require. 




^H 


14S, List of distilling apparatus that have 




approved by the Board of Trade.* 




dlstmlnv I 
aiqwratua. ■ 


I, Normfindy's Patent. 




J 


2. Winchester and Graveley*s Patent. 




M 


3. Chaplin and Co/s Patent. 




^H 


4 Brown, A. and R. and Co/s Patent 


. 


^H 


5. Fraser's Patent. 




^H 


6. Hocking and Co. 'a Patent. 




^H 


7. Hocidng, Glascodine and Co.'s Patent. 


^H 


8. Kirkaldy'a Patent. 




^^^M 


9. Siddeley and Co.'s Patent. 




^^^M 


10. Scott, Son and Watts' Patent. 




^M 


•Nu^FE.^ — Any departure from the deaigtifi ohould 


be reported ^^| 


to the Board for ecnsi deration. 




J 
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11. Smillie's Patent. 

12. Rftyner*s Patent, 

13. Russell's Patent. 

14. Union S.S. Co.'s Patent. 

15. Willoughby and Co/s Patent. 

16. Newton and Qiiiggin's Patent 

17. Row and Co/s Patent. 

18. Siiffield and Brown ^s Patent 

19. Caird and Rayner's Patent. 

20. Brown and Skinner's 

21. Davie and HorneV 

Accidents and Damages. 






Report to be 
fKtnt to Board 
tit Trade. 



10 be 24g jjj^ g^i eases m wMch a steam ship has sus- 
tained damage from any accident, or other cause, 
affecting her seaworthiness or efficiency^ in any part 
of her hull, equipments, or machinery, the Surveyors 
of the portj where the vessel may he, are to go on 
board and ascertain the extent of the damag^e. In 
dotn* so they will take care not to make any change 
in the position or condition of things on boardj which 
would be at all likely to affect any legal evidence, 
jshoiild an inqiiiiy into the ease afterwards be con- 
sidered necessary. 

It is extremely important that the vessel should 
be snrveyed and a report sent to the Board as early 
as possible. 

150, The Surveyors are forthwith to send a report, 
together with a rough figured sketchy showing the 
position of all the bulkheads, and distinguishing the 
compartments that may have been injured, to 
the Board of Trade, in order that the certificate may 
he cancelled, if necessary. In this report they are 
to state whether the vessel is rendered ineiBcient or 
unseaworthy either in hull or machinery ; and 
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I 

I 
I 



whether, in their opinion, the certificate should be 
cancelled or only temporarily withdrawn. 

151. In easeB of eollision the Surveyor should ex- 
fimine the lights and screens of the vessel, and if 
the vessel with which she has been in collision ia 
within his district he should examine the lights of 
that vessel also, and should forward to the Board of 
Trade^ in a separate report, a statement respecting 
the size, condition, and place of her lampB and 
screens, and whether in his opinion they comply with 
the requirements of the regulations, and if not, in 
what respects they are deficient. 

The Surveyors should be very careful in wording 
their reports as to lights and screens, as they may 
be used in evidence in cases taken into court, 

152. If, in consequence of any accident to a steam 
ship, or for any other reason^ the Surveyor considers 
it necessary to require the vessel to be taken into 
dock for the purpose of surveying the hull thereof, 
he may do so, but he is to be cautious never to 
€xercise this power unless the circumstances of the 
case actually require it. 

153. Unless directions to the contrary are given 
hy the Board of Trade, the Surveyor is to hold the 
certificate of the vessel during the time she is under 
repair, and for this purpose he is to require it of the 
master, unless the damage is such that in the Sur- 
veyor's judgment the certificate should be cancelled, 
in which ea^e he should forward it to the Board of 
Trade with his report. In all cases of serious damage 
the certificates should he returned to the Board of 
Trade to he canceUed. 

Should the master or owner decline to give up the 
certificate, the Surveyor is to send information 
immediately to the Board of Trade, so that, if 
necessary, it may be cancelled; but the Surveyor is 



l^lfhti to be 
KintQlu^ III 



ordjez Tteeel to 
tte docket. 



Certiorate to 
repairs.. 



CertlHeate miiy 
be cBDcti'lted If 
i]eoet:sarj. 
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IndArHEDent of 
eertUletu, 



PeDAltf for q<?t 
nnwlleil or 

certlBeate. 




particularly directed to pay attention to the aboye 
instnictions respecting reporting the whole case to 
the Board of TradBj as soon as possible after it comes , 
to his noticti. ' 

154. When the vessel is in every respect rendered 
seaworthy and efficient both in hull and machinery, 
to the entire satisfaction of the Surveyor, he is to 
put an indorsement on the back of the certificate 
and duplicate, if they have not been previously can- 
celled, to the effect that the damage has been made 
good so as to last for the period for which the certifi- 
cate was granted^ and return the certificate to the 
master or owner, or his agent, and allow the vessel 
to proceed. He is then to send to the Board of 
Trade a statement of the extent of the repair that 
was necessary, and a copy of the indorsement made 
on the certificate. 

155. In all cases in which a Surveyor is directed 
by the Board of Trade to obtain from an owner or 
master a certificate that has expired, or has been 
cancelled or revoked, he is to apply for it without 
delay, and in the event of his application not being 
attended to^ he is at once to report the case. The 
280tb section of the Merchant Shipping Act, 1894, 
imposes a penalty of £10 on any owner or master 
who neglecta or refuses to deliver up such certificate 
when required to do so by the Board of Trade. 



List of Ulnutes 
embodied. 



156. The substance of the following General and^ 
other Minutes haa been embodied in the present 
edition of this Book of Instructions: — M, 13527 of 
1901, 9716 of 1902, 1053, 7337, .and 20918 of 1903, 
and 3577 and 8189 of 1904. 



APPENDIX A. 

CYLINDRICAL BOILER SHELLa 

Joints with Drilled Holes, 

Formiilse I'or ordinary chain riveted and ordinary 
zig-zag riveted joints, and for joints of these des- 
criptions, when every alternate rivet in the onter 
or in the outer and inner rows has been omitted : — 

Let E ^^ distance from edge of plate to centre 

of rivet in inches. 
y =- distance between rows of rivets in 

inches. 
V^^ distance between inner and middle 

row of rivets in inches for joints J. 

and K. (Figs. 18 and 15.) 
B ^^ boiler pressure in lbs. per square inch. 
C ^ 1 for lap or single butt joints. 
C =1-75 for double butt joints. 
d ^diameter of rivets in inches. 
D = inside diameter of boiler in inches. 
F = factor of safety for shell plates, as by 

Clause 87 or Clause 103. 
n ^number of rivets in one pitch. 
p^ = diagonal pitch in inches. 
Pj^ -= diagonal pitch in inches between 

inner and middle rows of rivets in 

inches for joint J, 
p ^ greatest pitch of rivets in inches, 
r ^percentage of plate left between holes 

in greatest pitch. 
R _-=± percentage of value of rivet section. 
R^ ^^ percentage of combined piate and 

rivet section. 
S ^tensile strength of material in lbs. per 

square inch of section. 
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Sj.= tensile streng-th of plates in tons. 
T ^= thickness of plate in inehes. 
Tj^thieknesa of each butt strap in inches. 
% = least value of r, R, Rj^ as the case may 
be^ divided by 100, 

When joints are used in boiler constrTiction other 
than those shown in the attached sketcheSj or when 
cny of the rivets are pitched less than two diameters 
apart, the particulars of snch joints should be sub- 
mitted for the consideration of the Board. 



Ordinaey Chain and Zig-kag Riveted Jointh 

Iron plates and iron rivets or steel plates and steel 
rivets : — 

100 (p—d) 



Iron plates and iron rivets: — 

100 X d2 X '7854 X w X C 
p X T 

Steel plates and steel rivets : — 

100 X 23 X d2 X 7854 x ft x C x F 



4-5 X S^x p X T 



=R. 



Given C, d^ F, n, T, to rmu p, bo that r and R 

ARE EQUAL. 



Iron plates and iron rivets: — 
d^ X '7854 X n K O 



-f^d=p 



Steel plates and steel rivets: — 

23 X gg X -7854 x t^ x C x F 
4-5 X SjX T 



■d=p 
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Given C, F, n, T, r, to find p and d. 
Iron plates and iron rivets: — 
r X T 



(100^-r) X -7854 x » x C 

100 X r X T 

=P 



(100— r)2x -7854 xnxC 
Steel plates and steel rivets: — 
4-5 X S^x r X T 



=d. 



23 X (100— r) X -7854 x n x C x F 
lOOx 4-5 X S^x r X T 



-p. 



23 X (100— r)2 X -7854 x » x C x F 
Iron plates and iron rivets, or steel plates and steel 
rivets when d is found first, then: — 
100(2 

100— I- ^ 



Butt Stbaps. 

Iron plates and iron butt straps or steel plates and 
steel butt straps: — 
Double butt straps: — 

5 X T 



8 
Single butt straps: — 

9 X T 



=T, 



8 



Tx 



For Distance between Rows of Rivets, &c. 
Iron and steel: — 

3 X d 

=E 

2 

Chain-riveted joints, Figs. 2, 4, 6, 9, 11, not less 

than:— n ^ ^r 

2 X d=V. 

See note page 312. 
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Zig-zag riveted joints, Figs. 3, 5, 7, 10, 12: — 



VCllp + ^) (P + ^) 
10 



-=V. 



Diagooal pitch, Bigs, 3, 5» 7, 10, 12:— 



To Detekmine thb WoRKijra PEEasnaE- 
S X % X 2T 



F X D 



^B. 



Chain and Zig-zag Riveted Joints in which bvee? 
altbunate rlvbt has been omitted in the octbe 
Row, OR IN THE Outer and the Inner Rows 

6UCH AS are shown BY THE SkBTCBES ON PaGK 
318 ANB FOLLOWING. 

Iron plates and iron rivets or steel plates and steel 

rivets: -mn r j\ 

100 [p — d) 

^^r 

P 



Iron plates and iron rivets : — 

100 xd- X -7854 X nxC 



=R. 



p X T 

Steel plateR and steel rivets:— 

100 X 23 X ^2 ^ -ISU X ^ X C X F 



=R. 



4-5 X Sj X p X T 

Iron plates and iron rivets or steel plates and steel 
rivets ; — 



100 (p--2d) R 

-+- =Ri 

p n 



Butt Straps . 

Where the number of rivets in the inner row is 
double the number in the outer row. 

Iron-plates and iron butt-straps or steel plates and 
steel butt'Straps* 
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Doable butt-straps: — 

5 X T (p— d) 



=T, 



8 X (p — 2d) ^ 
Single butt-straps: — 

9 X T (P~d) 

Sx (p —2d) ^ 
When the number of rivets in the inner row is the 
same as in the outer row. 
Double butt-straps: — 

5 X T 



8 
Single butt-straps: — 



9 >< T _ 



For Distance between Rows of Rivets, &c. 
Iron and steel: — 

3 X d 



E. 



2 

Chain riveted joints, Figs. 13, 14, 15, 19 : — 

V(llp + 4d) (p + 4d) ] The greater of these 
_ =:V / t^o values of V to 

[ be used. See note 
^^ \ I. 1 

2 X (? = V. ^ 

For joint K. (Fig 15) :— 

2 X (i = Vj jSfee note on page 312. 

Zig-zag riveted joints, Figs. 16, 17, 18, 20:— 



V(^P + rf)(^/> + <«)=v. 

Diagonal pitch. Figs. 16, 17, 18, 20:— 

Ap + <2=P„ 
For joint J. (Fig. 18):— 

V(llp + m (p + 8d) 
20 ' 
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Diagonal pitch (Fig. 18) ; — 
3p - U 

10 ^ 



To Determine t^k Wqrkimg Peessuhe. 
S •< %x2T 



Fx D 



NOTE. — The mininiTim value of V or V^ for chain 

4d ^ 1. 



riveted joints is given as *2d^ but 
desirable. 



IS more 



Maximum Pjtchbs for Rivetbd Joints. 

T = Thickness of plate in inches. 

p = Maximum pitch of rivets in inches, pro- 
vided it does not exceed 10 inches. 

C = Constant applicable from the following' 
table: — 



Httmber of Bireta in 
OQ6 Pitch. 



Cofiitaitta fa; ha-p 
Jomti. 



Constanta for Ehjable 
Batt Strap Jointt. 





131 


1-75 




262 


3-50 




3^ 


4-63 




4*U 


5-52 




— 


6-00 



(CxT) +lf = p. 

When the work is fu-st class, sueh pitches may be 
adopted so far as safety is concerned, yet, in some 
cases, it may be well not to adopt the greatest pitch 
found by the formula. The maximum pitch should 
notj however, exceed 10 inches with the thickest 
plates for boiler shells, ' If in any case the pitch is 
found to exceed that arrived at by the foregoing 
formula, for the particular description of joint and 
thickness of plate^ such pitches should not be passed, 
but all such cases should be reported. 
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APPENDIX E, 

EXPLANATORY AND SUPPLEMENT^IRY iNSTRUCTlOtJe 
EESPECTING THE TESTING OF STEAM PIPES. 

See also CLatise 116, 

Main Steam Pifks. 

1. (a). All copper pipos having brazed longitudi- 
nal seams, whether forming" a complete range or 
only part of a range of pipes, should, with the ex- 
ception of those referred to in paragraph ((?), be 
^ examined and tested with the lagging removed at 
least once in about every four years. 

(ft) . Iron, steel, or solid drawn copper pipes 
should, whDn the diameter exceeds 2^ inches, be 
stripped and tested by hydraulic pressure at least 
onee in six years. 

(c). In the ease of pipes of 2^ inches diameter, or 
leas, the Surveyor may use his own discretion as to 
the removal of the lajrging for more than a few 
inches near each flange when the hydraulic test is 
^■iSpplied. 

^■Auxiliary Steam Pipes having a^ Internal Diambtse 

H ExCEElDJXIi € INCHES 

H 2. (a). Copper pipes having brazed longitudinal 
^R>aeams should be stripped and tested by hydraulic 
■pressure at least once in four years, 
w (6). Iron, steel, or solid drawn copper pipes should 

be stripped and tested by hydraulic pre^ure at least 

once in six years. 

Atixiliaey Steam Pipes having ax Ikteknal Diameter 
of over 3 inches and not exceeding 6 inches. 

^P 3, (a). Copper pipes having brazed longitudinal 
seams should be stripped ffir not less than 2 inches at 
each flange and tested by hydraulic pressure at least 
once in every four years. 



»: 
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(&), Iron, steel, or solid drawn copper pipes should 
be stripped for not less than 2 inches at each flange 
and tested hy hydraulic pressure at least onee in 
six years. 

Shall Auxilukt Steah Piveb and AuxruAar Steam 
Pipes Sitcated n* Open Spaces, 

4. *Steam pipes not exceeding 3 inches diameter 
and steam pipes situated on or above the upper deck 
or other open spaces should be tested periodically, 
but the Surveyor may esereise his discretion as to 
■when the test shall be made, and as to whether the 
pipes shall be wholly stripped or stripped beyond a 
small portion adjacent to the flanges when the 
hydraulic test is applied. 

General 

5. In all cases where the pipes are not wholly 
stripped, the hydraulic test pressure should remain 
on the pipes for such time as the Surveyor eonsidera 
necessary, but in no case for less than 20 consecutive 
minutes. Any length from which leakage is ob- 
served at other places than the flanges should he 
stripped, repaired, and re-tegted. 

6. The test pressure to be applied in all cases 
should be not leas than twice the maximum working 
pressure to whicli the pipes are subjected. 

7. When a vessel is surveyed for a passenger 
certificate after transference from a foreign fla^, 
or for the first time, all the steam pipes should be 
tested as indicated above. 

8. All main steam pipes, new, old, or repaired, 
whatever their size may be, and all auxiliary steam 
pipes over 3 inches in internal diameter shonid 
be tested in the presence of the Surveyor, but in the 
ease of auxiliary steam pipes not exceeding 3 inches 
in diameter, tha Surveyor, if he cannot conveniently 
be present at the tests on account of other duties, 
should make such arrangements as will ensure the 
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pipes being tested by the makers or repairers in 
accordance with the regulations, and satisfy himself 
that the tests have been properly carried out, 

9. Surveyors should see that the thickness of 
pipes, provision for expansion, adjustment of the 
guard bolts* drainage. &c., are in all respects in com- 
pliance with the Board ^s regulations. 

10. Main steam pipes include the main ranj^e and 
its branches from the various boilers and those to 
the propelling" machinery, also all steam pipes join- 
ing two or more boilers together, 

11. When a rang^e of pipes is tested by hydraulic 
jvressure, the Surveyor should exercise his discretion 
as to the taking down of a few of the pipes in order 
that their interiors may be examined and the actual 
thickness ascertained- 

I 12, In addition to the periodical examinations 
enumerated above, the Surveyor may at any time he 
thinks it necessary, in order to satisfy himself as to 
any doubtful part or parts, require the main or 
auxiliary pipes to be tested during the survey of a 
vessel, and may also require the removal of any of 
such pipes to ascertain their thickness or condition. 

13. The above instructions apply to all steam 
pipes, the bursting of which would propably cause 
loss of life or serious injury, but it is not expected 
that the Surveyors will insist on the testing of small 
pipes, the free outflow of steam from which would 
cause no danger or inconvenience, and which would 
be difficult to burst under any circumstanceB. 

14. In the ease of vessels, new or old, in which it is 
proposed to fit arrangements for superheating the 
steam, fuU partietdars of the proposed superheater 
and stenm pipes should be submitted for considera- 
tion with as little delay as possible, and in no ease 
should a declaration be issued until the arrangement 
has been sanctioned. 



LLOYD'S RULES FOR THE SURVEY AND 

CONSTRUCTION OF ENGINES AND 
BOILERS OF STEAM VESSELS. 



1. Ill steam vessels, the machinery and boilers are to be 
inspected throughout conHtruction, the boilers tested by 
hydraulic pressure, and the machinery tested under steam 
by the Society *s Engineer-Surveyors, who will furnish a 
report to the Committee describing them in the manner 
shown in form Ko. 8. If found satisfactory, the Com- 
mittee will thereupon grant a certificate, and insert in the 
Register Book the notification^ '*LMC" in fed (i.e. 
*' Lloyd's Machinehy Certificate"), indicating that 
the machinery and boilers are certified to be in 2-ood 
order and safe working condition. 

Special Survey of New Engines or Boilers, 

2. In steam vessels built under Special Survey, the 
Machinery and Boilers must also be constructed under 
Special Survey. 

3. In cases of machinery or new boilers being built 
under Special Survey, the distinguishing mark »i< will be 
noted in red, thus: '' ^ LMC/^ or " *i< NE & B,'^ or 

4. In order to facilitate this inspectionj the plans of the 
machinery and boilers are to be examined and from them 
the Trvorldng pressure fixed. 

5. The Surveyors are to examine the materials and 
workmanship from the commencement of the work until 
the final test of the machinery under steam; any defects, 
etc. J to be pointed out as early as possible. 



6, The Si:irveyors may also, if desired^ compare the work 
as it progresses with the requirements of the specification 
agreed upon by the parties eoncerned^ and certify to the 
conditions thereof, as far as can he seen, being" satis- 
factorily complied with. 



Boilers. 



« 



7. The Surveyors will be guided in fising the working 
pressure by the tables and formulae annexed. (S^e para- ^ 
graph 41.) ^i 

8. Any novelty in the construction of the machinery or 
boilers to be reported to the Committee. 

9. The boilers, together with the macMnery, to be in- 
, speeted at different stages of construction. 

I All the holes in steel boilers should be drilled, but if 

^^1 they be punched the plates are to be afterwards 

^H annealed, 

^H All plates that are dished or flanged, or in any way 
^H heated in the fire for working, except those that 

^H are subjected to a compressive stress only, are to 

^H be annealed after the operations are completed. 

No steel stays are to be welded. 

Unless otherwise specified, the Rules for the con- 
^^ struetion of iron boilers will apply equally to 

^H boilers made of steel. 

r 10. The boilers to be tested by hydraulic pressure^ in 
the presence of the Engineer-Surveyor^ to twice the work, 
ing pressure, and carefully gauged while under test. 

11. Two safety valves to be fitted to each boiler, and 
loaded to the working pressure in the presence of the 
Surveyor. In the case of boilers of greater working 
pressure than 601bs. per square inch, the safety valves 
may be loaded to 51bs. above the working pressure. If 
common valves are used their combined areas to be at 
least half a square inch to each square foot of grate 
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surface. If improved valves are used, they are to be 
tested imder atpam in the presence of the Surveyor; the 
aeuumulation in uo ease to exceed 10 per cent, of the 
working pressure. 

12. An approved safety valve also to be fitted to the 

super-heater. 

13. In winch boilers one safety valve will be allowed, 
provided ita area be not less than half a square inch per 
sqimrt* foot of grate surface. 

14. Each valve to be arranged so that no extra load 
can be added when steam is up. and to be fitted with easing 
gear which must lift the valve itself. AU safety-valve 
spindles to extend through the covers and be fitted with 
soekets and cross handles, allowing them to be lifted and 
turned round in tht*iv^ seats, and their efficiency tested at 
any time. 

15. Stop-valves to be fitted so that each boiler can be 
worked separately. 

16. Each boiler to be fitted with a separate steam 
gauge, to accurately indicate the pressure. 

17. Each boiler to be fitted with a blow-off eock inde^ 
pendent of that on thfi vessel's outside plating. 

18. The machinery and boilers are to be securely fixed 
to the vessel to the satisfaction of the Surveyor. 

Quality and Testing of Boiler Steel. 



19. When steel is used in the construction of boilers 
intended for vessels classed or proposed for classification 
in the Society *s Reyjister Book, the boilers shall be con- 
structed in accordance with the requirements of the 
RuleSj and the following conditions be fulfilled:— 

1. Process of MEiniifacture* — Steel for Marine Boilers 
shall be made by the Open Hearth process licid 
or basic. 
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Freedom from Defects. — The finished material 
shall be fiee from cracks, surface flaws, and 
lamination. It shall also have a workmanlike 
finish, and must not have been hammer- dressed. 



Testing and Inspection. — The following tests and 
inspections shall be made at the place of manu- 
facture prior to despatch; but, in the event o 
any of the materia] proving unsatisfactory in th 
course of being worked into boilers, such 
material shall be rejected, notwithstanding any 
previous certificate of satisfactory testing, and 
such further tests of the material from the same 
charge may be made as the Surveyor may eon 
Bider desirable. 



I 
I 
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4. Tensile Test Pieces, — The tensile st^'ength and 
ductility shall be determined froin Standard teat 
pieces cut len^hwise or crosswise from the 
rolled material. When material is annealed or' 
othenvise treated before despatch, the test pieces 
shall be similarly and simultaneously treated withj 
the material before testing. 

Plates, Angles and Tee Baxs. — Wherever practicable 
the rolled surfaces shall be retained on two, 
opposite sides of the test piece. The elongation 
shall be measured on a Standard test piece having 
a gauge length of 8 inches. 
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For material more than 'STSin. iu thickness the widtW 
of the test piece between the gauge points shall 
not exceed l^ins. ; for material -aiSin, to '375in. 
in thickness, inclusive, the width shall not exceed j_ 
Sins. ; for material leas than ■315'm. in thickness ^B 
the width shall not be more than 2^ins. In other 
respects the test pieces shall conform generally 
to the Standard test piece A. 
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e'Cay^JgL. LLrf/q-rJ * 









^^B Test n?etfg. /\ ^ 

Kuutii) bars may be lested either full size as rolled, 
iM" turned down wheoj Uie diameter is lionsider- 
«bU\ Tht» tt'st piece shall have a gauge length 
of not Itss tliAU S times its diameter, and a 
sectional tir«n of not less than ^ square inch. 
Whtni eulnr^red ends are used the length of the 
paraltt^t portion shall not be less than 9 times the 
redncenl diameter, ^ee Standard test piece B, 



^ 



Bf 
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Any striiightening of test pieces which may be re- 
quired shall be done cold. 
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5, Mechanical Teats^ ajid Selection of Test Pieces. — 

Plates and bars for boilers shall eomply with the 
following mechanical tests. All test pieces shall 
be selected by the Surveyor and tested in his 
presence, and he shall satisfy himself that the 
conditions herein described are fulfilled. 

6. Tensile Tests, — Plates; — The tensile breaking 

strength of steel plates for shells and girders, 
determined from Standard test pieces, shall be 
between the limits of 28 and 32 tons per square 
inch. For plates intended for flanging or weld- 
ing, and for combustion chambers and furnaces, 
the tensile breaking strength shall be between the 
limits of 26 and 30 tons per square inch. In the case 
of material for purposes in which tensile strength is 
not important, the tensile test may be dispensed 
with and the bend test only be made, if so 
specified by the builders and approved by the 
Committee, The elongation, measured on a 
Standard test piece having a gauge length of 
Sins., shall not be less than 20 per cent, for 
material of '375in, in thickness and upwards re- 
quired to have a tensile breaking strength of 28 
to 32 tons per square inch; and not less than 23 
per cent, for material of *375in. in thickness and 
upwards required to have a tensile breaking 
strength of 26 to 30 tons per square inch. 
Stay, Angle, and Tee Bars.-^The tensile breaking 
strength of longitudinal stays and angle and tee 
bars shall be between the limits of 28 and 32 tons 
per square inch, with an elongation of not less 
than 20 per cent, of the gauge length measured 
on the Standard test pieces A or B. For bars 
for combustion chamber stays the tensile break- 
ing strength shall be between 26 and 30 tons per 
square inch, with an elongation of not less than 
23 per cent, of the gauge length measured on the 
Standard test piece B, 
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For material under -STSin. in thickness the elongation 
may bti not more than 3 per cent, below the 
above-named eloDgations. 

Rivet Bars: — The tensile breaking strength of rivet 
bars shall be between the limits of 26 and 30 tons 
per square inch of section^ with an elongation of 
not less than 25 per cent, of the gauge length 
measured on the Standard test piece B. The 
bars may be tested the full size as rolled. 

7. Number of Tensile Teata.— Plates.=One tensile test 

shall be taken from each plate as rolled. For 
plates exceeding 2^ tons in weight one tensile 
test shall be taken from each end. 

Angle, Tee, Rivet and Stay Bars.— At least two tensile 
tests for angle bars, tee bars, rivet bars, and 
stay bars shall be taken from each charge; but 
when the number of the bars, as rolled, from one 
charge exceeds 15, an additional tensile test shall 
be made for each further batch of 15 bars or 
portion thereof. 

Should a tensile test piece break outside the middle 
half of its gauge length, and the elongation be 
less than that required by the Rules the test may, 
at the Maker's option, be discarded and another 
test be made of the same plate or bar. 

8. Bend Tests. — Cold Bends. — Test pieces shall be 

sheared lengthwise or crosswise from plates or 
bars, and shall not be less than IJins. wide, but 
for small bars the whole section may be used. 
For rivet bars bend tests are not required. 

Temper Bends: — The test pieces shall be similar to 
those used for cold bend tests. For temper 
bend tests the samples shaH be heated to a blood 
red and quenched in water at a temperature not 
exceeding 80° Fahr, The colour shall be judged 
indoors in the shade. 
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In all cold bend teats, and in temper bend tests on 
samples oin. in thickness and above, the rough 
edge or arris caused by shearing may be removed 
by filing or grinding, and samples lin* in thick- 
ness and above may have the edges machined, 
but the test pieces shall receive no other prepara- 
tion. The test pieces shall not be annealed un- 
less the material from which they are cut is 
similarly annealed, in which case the test pieces 
shall be similarly and fiimnltaneonsly treated with 
the material before testing. 

For both eold and temper bends the test piece shall 
withstand, without fracture, being doubled over 
until the internal radius is equal to 1^ times the 



thickness 
parallel. 



of the test piece, and the sides are 



For small sectional material these bend testa may be 
made from the flattened bar. 

Bend tests may be made either by pressure or by 
blows. 

9. Number of Bend Tests. — Plates : — One cold or 
temper bend test shall be taken from each plate 
as rolled. For plates exceeding 2^ tons in weight 
one bend test shall be taken from each end — one 
bend test to be temper and the other eold. 

Angle and Stay Bars: — A eold or temper bend test 
shall be made from each angle or stay bar rolled. 



10. Testa for Majinfactured Rivets, — Rivets selected 
by the Surveyor from the bulk shall withstand 
the following tests; — - 

(a) The rivet shanks are to be bent eold, and 
hammered until the two parts of the shank 
touch in the manner shown in Pig. 1, with- 
out fracture on the outside of the bend. 
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The rivet heads are to be flattened, wimT 
hot, m the manner shown in Fig. 2, with- 
out cracking at the edges. The heads are 
to be flattened iintil their diameter is 2J 
times the diameter of the shank. 





— F-^. I 
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11. AdditionaL Tests before Eejectlon. — Should any 

of the test pieces first selected by the Surveyor 
not fulfil the test reqiurementSj two further tests 
may be made from the same plate or bar, but 
should either of these fail, the plate or bar from 
which the test pieces were cut shall be rejected. 
In all such cases further teats shall be made 
before any material from the same charge can be 
accepted, 

12. Branding,- -Every plate aud bar shall 

be clearly and distinctly marked by 
the Maker in two places with the 
Society's brand, thus:— 
indicating^ that the material has com- 
plied with the Society *a tests. 
No plates or bars bearing this brand shall 
warded from the Steel Works until 
scribed tests have been made by the Surveyor, 
and the mill sheets have been signed by him. All 
plates and bars shall also be legibly stamped in 
two places with the Maker^s name or trade mark» 
and the place where made. They shall also be 
stamped with numbers or identification marks by 



1^ 



be 
the 



for- 
pre- 
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which they can be traced to the charge from 
which the material was made. 

13. Maker's Certificate.— Before the railJ sheets are 
signed by the Surveyor, the Maker shall furnish 
him with a eertifieate gnaranteeing that the 
material has been made by the Open Hearth pro- 
cesSj and that it has been subjected to, and has 
withstood satisfaetorilyj the tests above described 
in the presence of the Surveyor, The following 
form of certificate will be accepted if printed on 
each mil] i^beet with the name of the firm, and 
initialled by the Test House Manag^er: — 

**We hereby certify that the material de- 
scribed below has been made by the Open 
Hearth process, and is that which has been 
satisfactorily tested in the presence of the Sur- 
veyor in accordance with the Rules of Lloyd's 
Reg-ister. '' 

14. Defacing of Rejected Material. — In the event of 

the material failing, in any case, to 

withstand the prescribed tests, the 

Surveyor shaH see that the Society's 

brand stamped on the plates and 

bars by the Maker has been defaced • 

by punch marks extending beyond 

the brand in the form of a cross, 

thus : — 

denoting that the material has been rejected. 

15. Facilities for Inspection, — The Maker shall adopt 

a system of marking the ingots, billets, slabs, 
plate^^, bars, etc, which will enable all finished 
materiRl to be traced to the original charge, and 
the Surveyor mnst be given every facility for 
tracing all plates and bars to their respective 
charges, and for witnessing the required tests* 
When he ia satisfied with the material and with 
the results of the tests, he shall be furnished with 
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two copies of the advice notes of the material 
for his signature, one of which is to be forwarded 
by the manufacturer to the Boiler Ililaker, and the 
other is to be forwarded by the Siirveyoi' to the 
Surveyors at the poi-t where the boiler is to be 
built. 

16. Steel not produced where Rolled. — Where &teel is 

not produced in the worlcs at which it is rolled, 
a certificate shall be supplied to the Surveyor, 
statins; the Open Hearth process by which it was 
made, the name of the Steel ^laker who supplied 
it, also the numbers of the charges for reference 
to the books of the Steel Maker. The r.umber 
of the charge shall be marked on each ing'ot or 
billet for the purpose of identification, and the 
finished plates and bars shall also be iegibly 
stamped in two places with the Maker's name 
or trade mark, and the place where made. They 
shall also be stamped with numbers or identifica- 
tion marks by which they can be traced to the 
charge from which the material was made. 

17. General. — Besides the foregoing tests, samples of 
all material may be subjected to additional tests 
at the discretion of the Surveyors. 



Engines. 



20, The engines are to be fitted with two feed-pumps, 
each capable of supplying the boilers; the pxmaps, etc., to 
be so arranged that either can be overhauled whilst the 
other is at work. 

21, The engines are to be fitted with two bilge-pumps, 
which are to be so arranged that either can be overhauled 
whilst the other is at work, 

22, In engines of 70 H.P. and under, one feed-pump and 
one bilge-pump will be deemed sufficient, provided they 
are of adequate capacity. 
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The main feed-piimps may be worked by independeiit 
engines provided they are fitted with automatic regulators 
for controlling their speed. If only one such pump is 
fitted for the main feed, the auxiliary feed pump required 
by parfiorraph 25 should also be fitted with an automatic 
speed regulator. 

23, A bilge injeetion, or a bilge suction to the circnlating 
punipj 13 to be fitted. 

24, The engine bilge-pumps are to be fitted capable of 
pumping from e^ich compartment of the vessel, the peaks 
excepted. All bilge suction pipes are to be fitted with 
strum boxes or strainers, so constructed that they can be 
cleared without breaking the joints of the suction pipes. 
The total area of the perforations in the strainers should 
he not less than double that of the erosa section of the 
suction pipe. The mud boxes and i-oses in engine room 
are to be placed where they are eaajly accessible, and to 
the satisfaction of the Surveyor. 

25, A steam pump is to be provided capable of supply- 
ing the boilers with water; this pump to be provided 
with suctions to the hotwell and also to the sea. A steam 
pump is to be so fitted as to pump from each compart- 
ment, to deliver water on deck, and if no hand pump is 
fitted in engine room it must be fitted to be worked by 
hand* In small vessels in which only one steam pump is 
fitted, it must comply with all the requirements. 

26- In all steam pipes provision is to be made for ex- 
pansion and contraction to take place without unduly 
straining the pipes, and all main steam pipes are to be 
tested by hydraulic pressure to twice the working 
pressure, in the presence of the Engineer Surveyor. 

27. All discharge-pipes to be^ if possible, carried above 
the deep load-line, and to have dischargee valves fitted on 
the plating of the vessel in an accessible position. 

28. No pipes are to be carried through the bonkers 
without being properly protected. 



29. Bilge suction-pipes to be arranged to pump direct 
from each eompartmeut, the roses to be fixed in places 
where they can be easily aeeessible. 

Shafts, 



30. All shafts are to be made of good material, are to 
be examined when rough turned and when finished. In 
the case of screw shafts scrap steel is not to be used. It 
ia recommended that these be made of ingot steel or forged 
from blooms made from rolled iron bar of good fibrous 
quality, 

A tensile and a bend test are to be made on pieces cut 
from one end of each ingot steel shaft forging, the piece 
from which they are cut being of the same size as the body 
of the forging. In the case of built crank shafts the teata 
are to be token from the material o£ the crank pins and 
journalj^, not from the webs. If more than one piece is 
forged from one ingot, one teat only will be required from 
the ingot. The tensile strength is not to be less than 27 
tons per square inch nor to exceed 32 tons per square 
inch. The elongation is not to be less than 30 per cent. 
in a length of two inches measured on a plain portion 
turned not more than three-quarters of an inch diameter. 
The bend test piece h to be made one inch square and 
must be capable of being bent cold without fi*acture, 
through an angle of 180^ over a radius not greater than 
hfilf-nn-ineh. 

31. Gauges of an approved description for testing the 
truth of the crank shafts are to be supplied with all new 
engines, and ndjusted in the presence of the Surveyor. 

32. The length of the stern bush is to be at least four 
diameters of the shaft. It is recommended that the shaft 
liner should be continuous the whole lenath of the stern 
tube, and that the nfter end should be tapered in thick- 
ness and made watertight in the propeller boss. If the 
liner IS made in two pieces the joint should be burned. 
If the liner does not fit tightly at the part between the 



"bearings in the stero tube, the space between the shaft and 
the liner should be charged or '* forced"* with a plastic 
material insoluble in water and non-corrosive. If two 
liners are used, it is recommended that they be tapered 
in thickness at the ends, and that the shaft should be 
lapped or protected between the liners. In this case, and 
also if no liners are used, the diameter of the shaft should 
be fiths of that required for a shaft with a continuous 
liner. 

For dimensions of shafts, see the formula in paragraph 
60. 

Steel Castings. 



33. Steel Castings may be used for engine purposes pro- 
vided they fulfil the Committee ^s requirements, which are 
as follow: — 

1. For purposes for which Cast Iron is ordinarily em- 
ployedj such as propeller bosses and blades, bed 
plateSj engine framing and columns, brackets, 
weigh-shaft levers, pistons^ cylinder covgtBj 
eccentric straps, bearing bushes, etc., the castings 
must be sound, and are to be subjected to such 
drop and hammering tests as are practicable. 

2. For shafts or parts of shafts, and for purposes for 
which forcings are ordinarily employed, the 
material must also be subjected to the following 
tests : — 

3. A tensile test is to be made from a piece taken 
from each casting. The tensile strength is not 
to exceed 30 tons per square inch, and the elonga- 
tion is not to be less than 10 per cent, in a length 
of 8 inches, and a cold bending test, turned to 
1^ inches diameter or planed to li inches square, 
ia to be capable of being" bent without fracture 
through an angle of 90^^ over a radius not greater 
than 1| inches. 

4. All steel castings are to be thoroughly annealed. 
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Cocks, Pipes, and Sea Gonnections. 

34, "With a view to insuring a bettt^r control over cocks, 
valves, and pipes conneeting the engines and boilers with 
the sea, t.he>' are to be fised as follows, in all new vessels and 
vessels having new etitjines or boilers i — 

35, All sea-<*ot'ks to be fitted on the plating of the vessel 
above the level of the stoke-hold and engine-room plat- 
forms, or attaehed to Kingston valves of a height sufficient 
to lift them up to the level of these platforms. 

f36. The bolts securing all cocks or sea connections to 
the plating of the vessel are to be tapped into the plating 
of the vessel or fitted with countersunk heads. 

37, The blow-off cocks on the plating of the vessel are 
to be fitted with spigots passing through the plating, and 
a brnss or gun-metfll ring on the outside. The cocks are 
to be so constructed that the key or spanner can only be 
taken off when the cock is shut. 

38. Cocks and valves connecting all suction pipes to be 
fixed above the stoke-hold and engine-room platforms. 

30. The arrflngements of pumps, bilge injections, suction 
and delivery pipes» is to be such as will not permit of 
water being run from the sea into the vessel by an act of 
carelessness or neglect. Any defective arrangement to 
be reported to the Committee. 

Spare Gear. 

40. The articles of spare gear mentioned in the lollow- 
ing list will be required to be carried in all steam vessels 
clas^d in the Society's Register Book, viz.: — 

2 connecting rod or piston rod top-end bolts and nuts 
connecting rod bottom-end bolts and nuts 
main bearing bolts, 
set of coupling bolts, 
set of feed and bilge pump valves, 
set of piston springs (where common springs are 
used) . 
A quantity of assorted bolts and mits. 
Iron of various sizes 
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In addition to the foregoing the following articles are 
recommended to be carried with a view to expedite re- 
pairs and lessen delay in distant ports, viz, : — 

Crank shaft. 

Propeller shaft* 

Propeller, or a full set of blades. 

Stern bush, or lignum vitte lining for bush, 

1 pair of connecting rod brasses. 

1 pair of cross bead brasses. 

1 set of link brasses. 

1 eccentric strap complete. 

Air pump rod. 

Circulating pump rod. 

H.P. valve spindle. 
I L.P. valve spindle, 

I 1 set of check valves. 

I 6 cylinder cover bolts. 

I 6 jimk ring bolts. 

I 4 valve chest cover bolts. 

^H 2 dozen boiler tubers. 
^B 3 dozen condenser tubes. 
f 1 cylinder escape valve and spring. 

F 1 set of safety valve springs. 

Rules for Determiniiig the Working Pressure to be 
Allowed in New Boilers, 

^— Cylindrical Shells of Iron Boilers, 

^V 41. The strength of circular shells of iron boilers to be 

I calculated from the strength of the longitudinal joints by 

I the following formula : — 

I C X T X B 

I — ^ working pressure. 

i 



D 

where C = eo-effieient as per following table, 
T = thickness of plate in inches, 
D = mean diameter of shell in inches, 
B ^^ percentage of strength of joint found as 
follows — ^the least percentage to be taken. 



For plat€ at joint B ^^ 



p — d 



100. 



For riveta at joint B = 



m xo 



iroQ plates with punched holes. 
For rivets at joint B = 

p /^ L 

iron plates with drilled holes. 



X 100 with iron riretv in 



X 90 with iron rivets in 



(In case of rivets being in double shear. l*75a is to be 
used instead of a.) 

where p = pitch of rivets, 

d ^ diameter of rivets, 

a = sectional area of rivets, 

n ^ number of rows of rivets. 

Mem. — In any case where the strength of the longi- 
tudinal joint is satisfactorily shown by experiment to be 
greater than given by this formula the actual strengtl 
may be taken in the calculation. 

Table of Co-Eflficients. 



DMcriptioD of LornffttDdinal /in^i^^ I *-iach thick 



Joint. 



aiid linear. 






LiLp Joint, Ponched Holen 
Lap Joint, Drilled Holes 
Double Butt Sirap Joint, 

F one bed Holes 
Donbl© Butt Strap Joint. 

BriUad Holes 



For PlatM 
above J-incb 

thick. 



155 

170 

170 
180 



16d 

180 

180 
190 



170 
190 



100 

300 



Note. — The iiiBide butt strap to bo at leaat | of the strength ^j 
the loQgitudinal Joint. 




343 

Cylindrical Shells of Steel Boilers. 

42. The strength of cylindrical shells of steel boilers is 
to be calculated from the following formula: — 

Cx(T — 2)xB 

— = working pressure in lbs. per sq. in. 

where D ^ mean diameter of shell in inches. 

T ^ thickness of plate in sixteenths of an inch. 

C ^ 21 when the longitudinal seams are fitted 
with double butt straps of equal width. 

C =^ 20 ■ 25 when they are fitted with double butt 
straps of unequal width, only covering on 
one Bide the reduced section of plate at 
the outer lines of rivets. 

C=^19-5 when the longitudinal seams are lap 

joints. 

If the minimum tensile strength of shell 
plates is 28 or 29 tons per square inch 
instead of 27 tons per square inch these 
values of C may be correspondingly in- 
creased. 

B^the least percentage of strength of longitu- 
dinal joint found as follows : — 

For plate at joint B ^ 



For rivets at joint B ■- 



}i X a 
p X t 



100 



X 85 where steel rivets are used 



n X a 

B = X 70 where iron nvets are used, 

where p ^^ pitch of rivets in inches. 

t ^= thickness of plate in inches. 

d =^ diameter of rivet holes in inches. 
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II =~ imrulMT of rivets used per pitch in tfc Imisri^ 

(udiiial joint, 

a HiH-{'n\tin\ area of rivet in square mebes. 

Ill cum* of rivrlH in iloubli^ shear l-TSa is to be 

i[iMt(*nd of a. 

N»-j|i:.~Tlitv liiHJrIti butt itrap to be at leaot | of the stmigkk 
ihv louwHudluul Jnlni. 

NoTB. — For 1 he Mhell plates of superheaters or steam cl 
pnoloBcd in th*} uptakes or exposed to the direct action of the] 
M(iiin\ Ihr ini.t'fTi(?ieiitft should be | of those given in the 

I*n»lirr (Irdin^titniN nrv. to Ua made for openings in shell. 

AM iiutnlmlcN in tiirfular ghe^tla to be stiffened with eom- 
pi'MNnlinH: t'iri^H. 

Hip hUvU jilate^H tuid(?r domes in boilers m fitted to be 
atflyrd IVom \hv lnj) of the dome or otherwise stiffened. 



Stays, 

i^\. Tfio slri'ii^ll) of Hhiys supporting flat surfaces is to 
be tmlt'iUalt'il from the ainallest part of the stay or fastening, 
and the strain upon them is not to exceed the following 
limifH, nnniolyj — 

41 Iron Stays. — Kur Rta.VK not exceeding 1^ inches 
sniallrHl ilinttu'liT, niui for jlII stays which are welded 6,000 
lbs. por Htpuiri' i!jch; for unwelded stays above IJ inches 
ptriKilIi'Hi (Ihnuclor, 7500lhs. per square inch. 

ACy, Stee! Stays,— p^or screw stays not exceeding IJ 
inches Hniiillost dianiotor, SOOOlbs, per square inch; for 
icrew HtnyH above li inches sjuallest diameter, 9000ibs, per 
Htinarc \\\vh. For oth(»r stays not exceeding IJ inches 
aiiialii'Ht dinitictcr. !H)OOIbs. per scpiare inch, and for stays 
exceeding' 1^ inches snkallest diameter. lOOOOlbs, per square 
inch. No steel stava are to be welded. 



4G, Stay Tubes, 
square inch, 



-The stress is not to exceed 75O01bs. pel 
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Flat Plates, 

le stress of flat plates supported by stays is to oe' 

taken from the following formula: — 

CxT2 

— ^ ■ ^ working pressure in lbs. per sq. in. \ 

where T ^thickness of plate in 16ths of an inch, 

p2 = square of pitch in inches. If the pitch 
in the rows is not equal to that between 
the rows, then the mean of the sqiiareH 
of the two pitches is to he taken. 

C ^90 for iron or steel plates ^V thick and 
under, fitted with screAv stays with 
riveted heads, 

C ^ IQO for iron or steel plates above ^ thick 
fitted with screw stays with riveted heads, 

C = 110 for iron or steel plates y',i thick and 
undeFf fitted with stays and nuts. 

C = 120 for iron plates above ^v thick, and 
for steel plates above y^7 and under jff 
thiek, fitted with screw stays and nuts. 

C ^135 for steel plates ^^,1 thick and above, 
fitted with screw stays and nuts, 

C = 140 for iron plates fitted with stays with 
double nuts, 

C =^150 for iron plates fitted with stays with 
double nuts and washers outside the 
platesj of at least ^ of the pitch in 
diameter and ^ the thickness of the plates, 

C == 160 for iron plates with stays with double 
nuts and washers rjveted to the outside of 
the plates* of at least f of the piteh in 
diameter and ^ the thickness of the plates, 

C = 175 for iron plates fitted with stays with 
double nuts and washers riveted to the 
outside of the plates, when the washers 
are at least f of the pitch in diameter and 
of the same thickness as the plated. 
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For iron plates fitted with stays ^ritli double nuts and 
doubliag srtrips riveted to the outside of the plates, of the 
same thickness as the plates, and of a width equal to } the 
distance between the rows of stays, C may be taken as 175. 
if P iH taken to be the distance between the rows, and 
1^0 when P is taken to be the pitch between the stays in 
the rowa. 

For Hteel plates, other than those for eombiistion 
eharaberSt the values of C may be increased as follows: — 
C :^ 140 increased to 175, 
150 „ 185, 

160 „ 200, 

175 „ 220, 

190 „ 240. 

48. If flat plates are strengthened with doubling pTat^ 
securely riveted to them, having a thickness of not less th 
f of that of the plates, the strength to be takeo from 



Ox(T+t)» 

~T — * — = working pressure in 



per sq, in. 



■where t== thickness of doubling plates in sixteenths,' 
and C, T and P are as above. 

Note.— In the case of front plates of boilers in the steam 
space, these numbers should be reduced 20 per cent.* unless 
the plates are guarded from the direct action of the heat. 



49. For steel tube plates in the nest of tubes the strength 
to be taken from 




140 X T2 



p2 



= working pressure in lbs. per sq in. ; 



where T ^ the thickness of the plates in sixteenths of an 
inch, 
P = the mean pitch of stay tubes froni centre to 
centre. 



M 



I 
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For the wide wster spaces between the nests of tubes the 
strength to be taken from 

GxT2 

— — — ^^ working pressure in lbs. per aq. in. ; 

where P = the horizontal distance from centre to centre 
of the bounding rows of tubes, and 

C = 120 where the stay tubes are pitched with 
two plain tubes between them and are not 
fitted with nuts outside the plates^ 

C = 130 if they are fitted with nuta outside the 
plates. 

C = 140 if each alternate tube is a stay tube not 
fitted with nuta, 

C ^^ 150 if tbey are fitted with nuts outside the 

plates, 
C = 160 if every tube in these rows is a stay 

tube and not fitted with nuts, 
C ^^ 170 if every tube in these rows ia a stay 

tube and each alternate stay tube is 

fitted with nuta outside the plates. 

50. The thickness of tube plates of Combustion Chambers 
In cases where the pressiire on the top of the chambers ia 
borne by these plates is not to be less than that given by the 
following rule: — 

PxWxD 

where P ^ working pressure in lbs. per square inch. 

W ^ width of Combustion Chamber between 
plates in inches. 

D = horizontal pitch of tubes in inches, 

d^ inside diameter of plain tubes in inches. 

T^ thickness of tube plates in sixteenths of an 
inch. 



34S 



Girders. 

The strength of girders supporting the tops of 
bustion chambers and other flat surfaces to be taken from 
the following formula: — 

^^ ■— working pressiire in lbs. per sq. in. ; 

(L — P) X D xL 

where L =^ width between tube plates, or tube plate] 
and back plate of chamber 

P ^= pitch of stays in girders, 

D = distance from centre to centre of girders. 

d = depth of girder at centre, 

T^ thickness of girder at centre. All thesti 
dimensions to be taken in inches. 



C - 



Wronght Iron. 

^ 6000, if there is one stay to each girder. 

9000^ if there are two or three stays to each 
girder. 
lOOOOj if there are four or ^ye stays to ea 

girder. 
10500, if there are six or seven stays to each 

girder. 
10800, if there are eight stays or above to each 
girder. 



chfl 



C^J 



Wrought Steel. 

6600, if there is one stay to each girder. 

99Q0j if there are two or three stays to eacl 

girder. 

11000, if there are four or five stays to eacl 

girder. 
11550, if there are six or seven stays to eael 

girder. 
11880, if there are eight stays or above to ei 
girder. 
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Circular Furnaces. 

52. The strength of plain fiarnaces to resist collapsing to 
he calculated as follows: — 

Where the len^h of the plain cylindrical part of the 
furuaee exceeds 120 times the thickness of the plate, the 
working pressure is to he calculated by the following 

f ormiila : — 



1075200 X T- 



LxD 



== working pressure in lbs. per sq, in. ; 



Where the length of the plain cylindrical part of the 
furnace is leas than 120 times the thickness of the plate, the 
working pressure is to be calculated by the following 

formula : — 



50 X (300 T — L) 
' D 



= working pressure in lbs. per sq. in. 



where D ^= outside diameter of furnace in inches, 

T = thickness of plates in inches, 

h = length of plain cylindrical part in inches, 
measured from the centres of the rivets 
connecting the furnaces to the flanges of 
the end and tube plates, or from the 
commencemeTit of the curvature of the 
flanges of the furnace where it is flangec^ 
or fitted with Adanmon rings. 

53. In the furnaces referred to below the formulae given 
are applicable if the steeel used has a tensile strength of 
not less than 26 nor more than 30 tons per square inch. 
If the material of furnaces has a less tensile strength than 
26 tons per square inch, then for each ton per square inch 
which the minimum tensile strength falls below 26. the 
co-efficient is to be correspondingly decreased by ^\ th 
part. 
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54. The strength of corrugated furnaces made on Fox's 

Moriwotrs, Deighton^s, or Beardmore's plau, to be calcu- 
lated from 

1259>:{T — 2) 

. ^= working pressure in lbs. per aq. in. 

55. The strenglh of spirally corrugated furuaeea is to be 

calculated from the following formula: — 

912 X (T — 2) 

— = working pressure in lbs* per sq. in . ; 

where T ^= thickness of plate in sixteenths of an inch^ 
and D = outside diameter of corrugated furnaces in 
inches. 

56. The strength of Improved Purves' furnaces with ribs 
9 inches apart^ and of Browu's Cambered furnaces with 
ribs either 8 inches or 9 inches apart, to be calculated froi 
the following formula :- 

1160 X (T — 2 



D 



working pressure in lbs, per sq. in. 



where T ^ thickness of plate in sisteeutha of an inch, 
and D ^ smallest diameter of furnaces, in inches. 

57. The strength of the Leeds Forge bulb furnace is 

be calculated from the following formula : — ■ 

1259 X (T — 2) 
' — = working pressure in lbs. per sq. in, ;] 

where T = thickness of plate in sixteenths of an inch/ 
and D = smallest outside diameter in inches. 

58. The Htren^h of Holmes' patent furnaeeSj in which the 
corrugations are not more than 16 inches apart from centre 
to centre, and not less than 2 inches high, to be calculated 
from the following formula : — 

945 X {T — 2) 



Working pressure in lbs. per sq. in. =^ 



D 



where T = thickness of plain portions of furnace in 

sixteenths of an inch^ 
and D = outside diameter of plain parts of the foraaoe 

in inches. 
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Donkey Boilers. 

59, The iron used in the construetioD of the fire boxes, 
uptakes, and water tubes of donkey boilers shall be of good 
quality, and to the satisfaction of the Surveyors, who may 
in any eases where they deem it advisable apply the 
following tests : — 



Tbjoknesi of 


To Bend oold through an angfle oE 


Plates. 










With the Grain. 


Aeroao the Grain. 




Degraw. 


Daft reel. 


A 


€0 


4$ 


a 


70 


35 


^ 


55 


25 


a 


40 


20 



k 



The material to stand bending hot to an angle of 90 de- 
greesj over a radius not greater than 1^ times the thickness 
of the plates. 

Rules for Determiiiiug Sizes of Shafts. 

60. The diameters of intermediate shafts are to be not 
less than those given by the following formula: — 



For Compound Engines with two cranks at right anglea 
^^ Diameter of intermediate shaft in inches = 



(-04 A + -006 + -02 S) x 



>:/■ 



For Triple expansion engines with three cranks at equal 
angh 



Diameter of intermediate shaft in inches =^ 
( '038 A + '009 B + -002 D + ^0165 S) x 3 



^ 
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For Quadruple expansion engines with two eranks at right 
augles^- 
Diameter of intermediate shaft in inches;^ 




(034 A + 011 B^ '004C+ OOMD + 016 S) 



-:/' 



For Quadruple expansion engiaes with three eraiiks — 
Diameter of intermediate shaft in inches = 

( 028 A + 014 B - 006 C + 0017 D - -015 S) y */p 

For Quadruple eJtpansion engines with four erankfr— 
Diameter of intermediate shaft in inches^ 

(033 A + 01 B <h 004 C -r 0013 D ^ -0155 S) x '/P 

where A = diameter of High Pressure Cylinders in 

inches, 
B = diameter of first Intermediate Cylinder in 

inches, 
C ^ diameter of second Intermediate Cyli^^^^ 

in inches, 
D ^diameter of Low Pressure Cylinder in 

inehes. 
S = Stroke of Pistons in inches, 
p^ Boiler pressure above atmosphere in lbs. 

per square inch. 

61. The diameter of crank shaft, and of thrust shaft under 
the collars, to be at least Hjths of that of the intermediate 
shaft. The diameter of thrust shaft may be tapered off 
at each end to the same aize as that of the intermediate 
shaft. 

62. The diameter of the ^rew shaft to be equal to the 
diameter of intermediate shaft (found as above) multiplied 



/ 03 P\ 

by (^'63+^^j.buti 



in no case to be less than 107 T. 



where P is the diameter of propeller, and 

T the diameter of intermediate abaft, both in 
inches. 
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The size of screw shaft is intended to apply to shafts 
fitted with continuous liners the whole length of the stern 
tube, as provided for in paragraph 32. If no liners are 
used or if two separate liners are used, the diameter of the 
shaft should be f^ths that given above. 

The diameter of screw shaft is to be tapered off at the 
forward end to the size of the crank shaft. 

63. Note. — The Eules are intended to apply to Two 
Cylinder Compound Engines, in which the ratio of areas of 
Low and High Pressure Cylinders does not exceed 4-5 to 
1 ; to Triple Expansion Engines in which it does not exceed 
9 to 1 ; to Quadruple Expansion Engines in which it does 
not exceed 12 to 1 ; and in all cases, as regards the stroke, 
in which the length of stroke is not less than one-half the 
diameter or greater than the diameter of the Low Pressure 
Cylinder. Engines of extreme proportions beyond these 
limits being specially submitted to be dealt with on their 
merits. 
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Accidents and Damages, 304 

Adamson's Rings, 44, 48, 51, 266, 349 

Annealing Steel Plates, 259, 262, 268, 327 

Areas of Circles, 354 

Area of Fire-grate, 282 

Areas of Safety Valves, 167, 281, 327 

Area of Water Level, 113 

Babeock and Wilcox Boiler, 212 

Bars, Iron, 5 

Bars, Steel, 6, 261, 329 

Bat-heads compared with Nuts, 79 

Belleville Boiler, 199 

Bending Moment, 92 

Bending Tests (Steel), 259, 260, 332 

Blow-off Cocks, 294, 328, 340 

Board of Trade Regulations, 226 

Boilers. (See Iron Boilers and Steel Boilers.) 

Bolts, Strength of, 81 

Bowling Rings, 257 

Branding Material, 262, 334 

Brown's Cambered Furnace, 263, 350 

Bulb Type of Furnace, 265, 350 

Bursting, 11, 20, 64 

Butt Joints, Single Riveted, 134, 309, 316 

Double Riveted, 136 141, 309, 310, 316, 319 
Treble Riveted, 139, 148, 152, 309, 310, 317, 
320, 321, 322 

Butt Straps, 136, 145, 150, 159, 252, 309, 310, 342, 344 

Carbon in Iron and Steel, 7 

Cast Iron, 7 

Cast Iron in Boilers and Steam-pipes, 176, 279 
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Caat Steel, 339 
Centre of Gyration, 89 
Circles. Areas of, 354 

Circumferences of, 361 
Circular Furnaces. Iron, 28, 254; Steel, 263, 349 
Circulating Pipes. 27, 294 
Circumference, Strain on, 20 
Coal, Specific Heat of, 188 
Cocks, Pipes, etc,, Conimunicatijig with Ship's Side, 293, 

295, 340 
Collapsing Strain. 28 

Combustion Chamber Girders, 82, 94, 243, 263, 348 
Compressive Stress on Tube Plates, Iron, 246; Steel, 267, 

346 
Contraction of Area, 2 
Copper Steam Pipes, 174, 277, 278, 323 
Crank Shafts. 298. 338, 351 
Damages, 304 

Deighton's Furnace, 44. 58, 263, 350 
Diagonal Stays, 71, 243 

Diameter in Relation to Thickness and Strength, 15 
Dished Ends of Boilers, 253 
Distilling Apparatus, 300 
Domes of Boilers, 111, 253. 344 
Donkey Boilers, 270, 351 
Donkey Engine Exhaust Pipes, 295 
Doors and Manholes, 114, 253, 260, 344 
Draining Steam Pipes, 277 
Draught, Force of, 191 
Ductility, 4 

Efficiency. Boiler, 181, 183 
Elasticity, Limit of, 3, 24 
Elongation, 1 
Ends of Boilers, Dished and Hemispherical, 253 

Pressure on. 20, 244, 345 
Entering Boilers, Precautions to be Taken, 274 
Evaporators, 257 
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Examination of Boilers, etc., 291 

Distilling Apparatus, 300 

Safety-valves, 284 

Steam Pipes, 277, 323, 337 

Exhaust Pipes of Donkey Engines, 295 

Expansion Joints in Steam Pipes, 278, 337 

Expansion, Unequal, 26 

Feed Arrangements, 177, 292, 336 

Feed Pipes, Heaters and Filters, Strength of, 278 

Feed Water, Heating, 177 

Fees, Surveyors', 229, 270, 296 

Fire Engine, 302 

Fire, Temperature of, 190 

Fire-grate, Area of, 282 

Flat Surfaces, 71, 82, 94, 243, 244, 263, 344, 345 

Force of Draught, 191 

Forced Draught, 193 

Safety Valves for, 281 
Fox's Furnace, 33, 38, 44, 53, 263, 350 
Furnace Crowns, Overheated, 63 

Fires, Temperature of, 190 
Plates, Temperature of, 58 
Thickness of, 32 
Furnaces, 28, 263, 349 

Adamson's Rings, 44, 48, 51, 266, 349 

Area of Fire Grate, 282 

Brown's, 263, 350 

Bulb Type, 265, 350 

Circular, 28, 254, 349 

Deighton's, 44, 58, 263, 350 

Fox's, 33, 38, 44, 53, 263, 350 

Holmes', 44, 57, 350 

Iron, 28, 254 

Morrison's, 40, 44, 54, 57. 58. 263, 350 

Plain, 30, 254, 263, 349 

Purve8',39, 44, 56, 263, 350 
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Iron, Cast, 7 

Cast, in Boilers and Steam-pipes^ 176, 279 
Furnaces, 28, 254 
Plates, Strength of, 4 
Rivets. Strength of, 5, 123 
Stays, 5, 76, 242, 253, 344 
Stay Tubes, 243 
Wrought. 7 
*^ J '^ Joint, 152. 168, 311, 322 
Joints, Butt, Single Riveted, 134, 309, 316 

Double Riveted, 136, 141. 309, 310. 316, 319 
Treble Riveted, 139, 148, 152, 309, 310, 317, 
320, 321, 322 
Lap, Single Riveted 125, 308, 313 
Double Riveted, 128, 308, 313 
Treble Riveted, 131, 308, 314. 318 
Quadruple Riveted, 133, 308, 315 
In Steam Pipes, 278 

Riveted, Strength of, 121, 141, 248, 307, 341 
'' K " Joint. 153, 311, 321 * 

Lap Joints, Single Riveted. 125, 308, 313 
Double Riveted, 128, 308, 313 
Treble Riveted. 131, 308, 314, 318 
Quadruple Riveted, 133, 308, 315 
Launches. Boilers of, 271 
Len^h of Boiler not Affecting Strength. 13 
Limit of Elasticity, 3, 24 
Limiting Formula, 35, 52, 254 
Lloyd's Rules for Survey, 326 

Local Heating, Annealing, and Welding (Steel), 268 
Longridge^s Rule for Plain Furnaces, 68 
Machinery. Survey of, 226, 290, 326 
Machinery, Trial of. Under Steam, 292, 326 
Maker's Test of Steel Boiler Plates, ete., 258, 335 
Manholes and Doors, 114, 253, 260, 344 
Manneamann Tubes, 268 
Marking Plates and Bars, 262, 334 
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Mild Steel Boiler Plates, Strength of, 5 
Morrison on "Marine Boiler Furnaeea/' 38 
Morrison 's Snapension Furnace, 40, 44, 54, 57. 58, 263, 350 
Nielausse Boiler, 218 
Non-return Valves, 295 
Novelty in Construction, 272, 327 
Nos^les, Redueing. 257 

Nuts. 79. 81, 243 | 

Openiii^^s in Hoilor Shells. 114, 253, 260, 344 
Oval Shells, ID 

Perforating and Annealing Steel Plates, etc., 262 
Fipus Conimuniaiting With Ship's Side, 293, 295, 340 
Copper, 174. 277, 278. 323 
Stenm. {See i^team Pipes,} 
Wronghi Iron. 176. 277. 278. 323 
Pitch of RivelB, 122, 312 
PlaU? and Rivet Section, 121, 267 
Plates, Iron, Strength of. 4 

Mild Steel Strength of, 5 
Steel, Annealing. 259, 262, 268, 327 
Maker's Test of, 258. 335 
IVIarkiiig. 262, 334 
Ptsrfoniting. 262 
Tensile Strength, 260, 331 
Tliicknesft of, 15, 32. 242 
Precautions on Entering Boilers, 274 
Preparation of Teat Pieces. 262, 329 

Pressures. Boilers. Iron, 248, 307, 341; Steel, 263, 307, 343 
Copper Pipes, 174. 278. 323 
Ends of Boilers, 20, 244, 345 
Peed Pipes, 278 

Fixed by Calculation, 241, 275, 327, 341 
Fixed by One Surveyor not to be Increased by 

Another, 279 
Flat Surfaces, 72. 94, 243, 263, 345 
Furnaces. Iron, 254; Steel, 263, 349 _ 

Gauges, 271, 328 
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Pressures, Steam, 11 

Superheaters, 255 

Tube Plates, Iron, 106, 246; Steel 106, 267, 346 
Wrought Iron Pipes, 176, 278 
PropeUer Shafts, 298, 338, 351 
Purves' Furnace, 39, 44, 56, 263, 350 
Badiation of Steam Pressure, 11 
Radius of Gyration, 90 
Raising Steam, 27 
Reducing Nozzles, Size of, 257 
Rejected Material, 335 
Repairs, 228 

Ribbed and Grooved Furnaces, Steel, 56, 57, 263, 349 
Rivets, Iron, 5, 123; Steel. 6, 123, 261, 262, 332, 333 
Rivet Diameters, Tables of. 162-166 
Rivet Section, 122, 267 
Rivet Tests, 261, 262, 332 
Riveted Joints, 121, 141, 248, 307, 341 
Rivets, Pitch of, 122, 161. 308, 312 
Riveting, 121, 252, 307. (See also Joints.) 
Safety Valves, 167, 17?, 271, 280, 327 

Accumulation of Pressure, 287, 328 

Approved Designs, 288 

Areas of, 167, 281, 327 

Chests, 280 

Examination of, 284 

Forced Draught, 170, 281 

Increasing Weight on, 281 

Lifting Gear, 284, 328 

Loeked-up, 280, 290 

New Designs, 287 

Spring Loaded, 172, 285 

Superheaters, 256, 328 

Surveyor to Fix Pressure, 241, 284. 285 
Screw Threads on Stays, 77 
Sea Connections. Cocks, and Pipes, 293, 295, 340 
Shafting, 298, 338, 351 
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Shearing Strength, 2, 123 
Small Boilers, Survey of, 274, 276 
Spare Gear, 297, 302, 340 
Specific Heat of Coal, 188 

Iron, Steel, and Water. 187 
Sphere, Strength of, 69 
Spring-loaded Safety-valves, 172, 285 
Stays, Broken, 274 

Diagonal, 71, 243 
Gusset, 72, 243 
Iron, 5, 76, 242, 253, 344 
Steel, 71, 261, 327, 331, 332. 344 
Stay and Rivet Bar Tests, 261, 262, 331 
Stay Tubes, 108, 243, 261, 344 
Steam Domes, 111, 253, 344 
Engine Efficiency, 181 
Gauges, etc., 271, 328 
Hent in, 189 

Launches. Boilers of, 271 
Pipes, Cast Iron, 176, 279 

Copper, 174, 277, 278, 323 
Draining, 277 

p]xamination and Testing, 277, 323, 337 
Expansion Joints, 278, 337 
Reducing Nozzles, 257 
Size of, 176 
Stop Valves, 271, 328 
Testing. 277, 323, 337 
Wrought Iron, 176, 277, 278 
Pressure, 11 
Raising, 27 
Steel, 7 

Bars, 6, 261, 329 
Bending Tests, 259, 260, 332 
Maker's Tests, 258, 335 
Steel Boilers, Application of Rules for Iron Boilers, 242, 327 
Bending Tests of Plates, 259, 260, 332 
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Steel Boilers, Castings to be Annealed, 339 

Flat Surfaces, 71, 263, 345 

Furnaces, 35, 38, 263, 349. (See also 
Furnaces.) 

Girders for Flat Surfaces, 263, 348 

Maker's Tests, 258, 335 

Mannesmann Tubes, 268 

Marking Plates and Bars, 262, 334 

Not Built Under Survey, 296 

Perforating and Annealing Plates, etc., 262 

Plate and Rivet Section, 267 

Plates, Dished or Flanged, 327 

Plates, Strength of, 5 

Stay and Rivet Bars, and Rivets, 261, 331 

Stay Tubes, 261. 344 

Steel Makers, 269 

Steel, Process of Manufacture, 328, 335, 336 

Superheaters and Uptakes, 269, 344 

Surveyors' Teste, 258, 296, 326 

Tensile Strength of Plates, etc., 260, 329, 331 

Test Strips, 259, 262, 329 

Tracings to be Submitted, 270 

Tube Plates, 267, 346 

Working Pressure, 263, 307, 343 
Steel Castings, 339 

For Superheaters and Uptakes, 269 
Furnaces, 33, 38, 263, 266, 349 
Makers of, 269 

Marking of Plates and Bars, 262, 334 
Plates, Annealing, 259, 262, 268, 327 

Tests of, 258, 296, 328, 331 
Rivets, 6, 123, 261, 262, 332, 333 
Stays, 71, 261, 327, 331, 332, 344 
Stay Tubes, 261, 344 
Temper Tests, 259. 332 
Test Strips, 259, 262, 329 
Tube Plates, 267, 346 
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Stirling Boiler, 218 

Stop-valves, 271, 328 

Stores to be Carried by Steamers, 297, 302, 340 

Strain, 25 

Strain, Collapsing, 28 

Strain on Circumference, 20 

Strength in Relation to Thickness and Diameter, 15 

Strength of Boiler not Affected by Length, 13 

Boilers, Iron, 248, 307, 341; Steel, 263, 307, 343 

Bolts and Nuts, 81 

Copper Pipes, 174, 278, 323 

Feed Pipes, Heaters, and Filters, 278 

Flat Surfaces, 72, 94, 243, 263, 345 

Furnaces, 28, 254, 263, 349 

Girders, 82, 90, 94, 243, 263, 348 

Iron Plates, 4 

Iron Rivets, 5. 123 

Iron Stays, 5, 76 

Riveted Joints, 121, 248, 307, 341 

Sphere, 169 

Steel Plates, 5 

Steel Rivets, 6, 123, 261, 262, 332, 333 

Tube Plates, Iron, 106, 246 ; Steel, 106, 267, 346 
Stress, 25 

Superheaters, 255, 256, 269, 325, 328 
Survey by Board of Trade, 226 
by Lloyds, 326 

of Boilers, 241, 242, 258, 270, 273, 290, 326 
of Machinery, 290, 326 
of Safety Valves, 280, 327 
Surveyors' Declaration, 226 

Fees, 229, 270, 296 

Powers, 227 

Responsibility, 226 

To Advise Owners or Agents of Repairs Neces- 
sary, 228 

To Mark Plates and Bars, 262, 334 
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• 
Table of Areas of Circles, 354 

Areas of Safety Valves, 282 
Circumferences of Circles, 361 , 

Rivet Diameters, 162-166 
Pitches, 161 
Temperature of Furnace Fires, 190 

Plates, 58 
Tensile Strength, Iron, 241; Steel, 260, 331 :i--^ 

Test Cocks, Gaiiges, etc., 271, 328 / 

Strips, Iron, 5 ; Steel, 259, 262, 329 
Tests, Bending, Steel, 259, 260, 332 ^ - 

of Boilers, 253, 274, 275, 290, 327 ^^ 

Material During Manufacture, 258, 296, 327, 329 
Rivets, 261, 262, 332 
Spring-loaded Safety Valves, 286 
Stay and Rivet Bars, 261, 262, 331 
Steel Castings, 339 
Steam Pipes, 277, 323, 337 
Steel Plates, 258, 296, 328, 331 
Thickness in Relation to Diameter and Strength, 15 
of Boiler Plates, 15, 242 
Furnace Plates, 32 
Toughness, 4 

Tracings of Steel Boilers to be Submitted, 270 
Transverse Strain, 20 
Trial of Machinery under Steam, 292, 326 
Tubes, 107 

Mannesmann, 268 
Tube Plates, 106 

Plates, Iron, 246, 247 ; Steel, 267, 346 
Unequal Expansion, 26 
Uptakes of Haystack Boilers, 257 
Valves Communicating with Ship's Side, 293, 340 
Non-return, 295 
Safety. (See Safety Valves.) 
Stop, 271, 328 
Water-gauges and Test Cocks, 271, 328 
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Water Level Area, 113 

Water Tube Boilers, 196 

Welding Steel Plates, 268, 327 

Wet-bottomed Boilers, 248 

Working Pressures. (See Pressures.) 

Wrought Iron, 7 

Wrought Iron Steam Pipes, 176, 277, 278 

Yarrow Boiler, 218 
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